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SECTION I

INTRODUCTION

This volume presents the results of a simulator investigation of
STOL airworthiness problems and criteria. This study is part of a long-
rahge prbgram.to develop airworthiness standards for STOL aircraft.

The program plan includes & series of simulation experiments using
models of several different STOL design concepts, e.g, deflected slip-
stréam, augmentor wing, and externally blown flap. This report covers
the first simulation of that series. -

The emphagis in this study has been on low-speed longitudinal flight
path control since this is the area where STOL airdréft differ most from
CTOL aircraft. Most of the simmlation time was devoted to the approach
and landing phases of flight as this was felt to be the most critical
area. Considerably smaller amounfs of time were spent on aborted
landings (go-arounds) and takeoffs.

The specific aircraft simulated was the French Breguet 9415, a

" deflected slipstream STOL transport in the 50,000 1b gross weight class.
A three-view drawing of the sirplane is given in Fig. I-1. The aircraft
has a wunique feature called transparency, which is a difference in

piteh between the inboard and outboard propellers. This difference is
normally an automatic function of flap position. The inboard pitch is

5 deg greater for flap angles between 68 and 93 deg and is 12 deg greater
for flap angles between 93 and 95 (limit) deg. Transparency considerably
glters the longitudinal characteristics of the approach configuration
(see Appendix A) by changing the 1ift distribution over the wing. The
1ift distribution is shifted inboard which increases the induced drag.

The simulation tests were conducted both with and without the trans;
parency feature. This in effect provided data on two different approach
configurations while only requiring one simuletor model.

In July 1972, prior to the simlation exercise, the French government
provided the participating pilots flight time in the actusl airplane.
This allowed them to develop the appropriate piloting techniques under

TR 1014-3 1 : VoL, II
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realistic conditions. It also provided the pilots a basis for evaluating
the realism of the simulation. Considerable time was spent tuning the
simlator model until the pilots felt it generally matched the airplane
quite well. '

The first similation experiment was conducted in October/November
1972, While a large amount of useful data WRs'obtained during this
period, the pilots felt that the workload during an IFR approach with
turbulence was too high for airline operations. Furthermore, the high
workload made it very difficult to accurately assess the effects of
changing approach speed.

Because of these difficulties modifications were made to the simu-
lator model and a second simulation experiment was conducted in April/May
1973. The modifications are discussed in Section IT which is a description
of the similator “apparatus end test procedures for both experiments. The
main modification, in terms of workload reduction, was the addition of a
directional SAS. This increased the dutch roll frequency and damping
and greatly improved the turn coordination. The major problem in
October/November 1972 was difficulty in tracking the localizer because
of very poor turn coordination.

Sections III through VI present data for various flight phases as
. follows: ‘

Section III - IIS Tracking
Section IV -~ Flare and Landing
Section V@~ Go-Around
Seetion VI - Takeoff

Each section, except VI, is organized into two parts---one for the results
of the October/November 1972 simulation and the other part for the results
of the April/May 1973 similation. The results of both simulations and
for all flight phases are summarized in Section VII.

Supporting material is contained in the sppendices. Appendix A
covers longitudinal dynamics - stability derivatives, transfer functions,

and step responses.

TR 1014-3 '3 ' : VOL. IT



A closed-loop pilot/vehicle analysis of glide slope tracking is
presented in Appendix B. The analysis covers the effects of changes
in aspproach speed and piloting technigue. The results are useful in
understanding the simulator data of Section III.

Appendix C contains an analysis of the flare mesneuver and also some
flight test results. The analysis includes the effects of approach
speed, flare height, pitch change, and thrust input.

Pilot comments and ratings from both simulations are tabulated in
Appendix D.
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SECTION II

SIMULATTON DESCRIPTION

This section describes the various aspects of the simulation, the
specific conditions examined, and the means of collecting data. This

description of the simulation is broken down into the following:

Simulator Apparatus
Mathematical Model
Cockpit ILayout
Subject Pilots
Piloting Tasks

Datsa Gathering
A. OCTOBER/NOVEMBER 1972 SIMULATION PERIOD
l. Simulator Apparatus

- The simlator apparatus was composed of three primary elements: the
simulator cab, the visual display system, and the digital computer.
Fig. II-1 shows the relationship of these in block diagram form.

The Ames Re;earch Center Flight Simulator for Advanced Aircraft (FSAA) -
was used in this experiment. This is a six~-degree-of-freedom moving base
similator with an especially long lateral travel. Table II-1 gives a
breakdown on motion capability. The simulator is described in more
detail in Ref. 1.

The visual scene apparatus consisted of the VFA-II Redifon system.
This provided the pilot with a virtual image color TV display of a STOL
runwey and surrounding terrain for the purpose of heads-up navigation in
the final stages of the approach. Detailed runway gzeometry will be

described under Piloting Tasks.

Simation computation was carried out entirely on an XDS Sigma 8
Digital Computer.
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TABLE II-1

FSAA MOTION CAPABILITY

Motion Displacement * Accelerstion
Roll + 36° , 1.6 ra.d/sec2
Pitch +18° 1.6 rad/sec2
Yow + 210 | \ 1.6 rad/se02
Vertical + boft 10 ft/sec’
Longitudinal  + 3 ft 8 ft/sec”
Lateral + 40-50 £t 10 ff./sec2
*  Usable

t At 30° phase lag

Veloclty

Freguencyt
0.5 rad/sec 5.1 Hz
0.5 rad/éec' 1.5 Hz _
0.5 rad/sec 1.7 Hz
6.9 ft/sec 2.2 Hz
5.05 ft/sec 1.8 Hz
16 ft/sec 1.0 Hz



2. Mathemsatical Model

The math model used was based on the Breguet 9415 airplane. Although
the model included all configurations from full flaps to cruise, only
the 45 to 95 deg flap range was used in the experiment, and this was
1imited to sirspeeds at or below 80 kt. The model was designed to be
most accurate in this low speed/high 1ift configuration range. Both a
detalled model description and a comparison with flight tesi points
are included in Volume IIT of this report.

3. Cockpit Layout

The FSAA cab accommodates side-by-side pilot and copilot seats. 1In
this experiment the pilot occupied the normal left seat position. Primary
controls closely resembled those of the BR 9415 and consisted of a
stick, rudder pedals, and a left-hand throttle (fighter type layout).
Secondary controls included a flap handle, a propeller RFM handle, a
fla.p/ transparency switch atop the throttle, and pitch and roll trim switches.
Toe-brakes were not operational during this series of tests. Fig. II-2
shows a photograph of the cockpit layout used. Detalled control characteris-
tics of the actusl BR 9418 are given in Volume III. The cockpit layout of the
actual BR 9415 is shown in Ref. 2. Table IT-2 gives the feel system
characteristics used in the simnlation.

Instruments consisted of those required for flying an IIS approach
including all the basic flight and engine instruments. Nominal sensitivity
of the glide slope indicator was + 2 deg (1 deg/dot). Localizer sensi-
tivity was + 5 deg. Angle of attack chevrons were utilized, with a
nominal 'on speed' value set by the computer operator. Table II-3
depicts the angle of attack chevrons in detail. Fig. II-3 shows the
control and instrument layout and identifies each.

L., Subjeect Pilots

Formal testing was conducted with FAA and NASA pilots. Their
respective backgrounds are outlined in Table II-L4,
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Figure II-2

Photograph of Cockpit Layout
(October/November 1972)
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TABLE II-2

FEEL SYSTEM CHARACTERISTICS
(October/November 1972)

BREAKOUT GRADIENT LIMITS
Longitudinal Stick| +1.7 1b 6.5 1b/in 4,18 in fwd
5.85 in aft.
Lateral Stick +1.5 1b 3.25 1b/in +4.9 in
Rudder Pedals 10 1b 35 1b/in i3.3 in

TR 1014-3 10
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TABLE II-3

ANGIE OF ATTACK CHEVRONS

V/ ~—— High angle of attack chevron (red)

O ' g———— Nominal "on speed" donut (green)

//§ —-+—— Low angle of attack chevron (amber)

ANGIE OF ATTACK
 ERROR (deg)

DISPIAY

Greater than +4

Red Chevron Oaly

+2 to +{+ Green Donut and Red Chevron

-2 to +2 Green ]jonut Only

-2 to -4 Green Donut and Amber Chevron
Less than -k Amber Chevron Only

VOL., IT
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Tnstrument Panel (October/November 1972)

Figure II-3.



20.
21.
22.
23.
2k,
25.
26.
27.
28.
29,
30.
31.
2.
33.
3h.

Figure II-3

b. Key to Instrument Panel Layout

Angle of attack
Indicated airspeed
Turn and bank indicator

Artifieial horizon (ineluding glide slope and localizer display)

Barometric altimeter
IVsI

HSI (including localizer display)
Radar altimeter

Normal accelerometer
Not used

Cross-shaft RPM

Flap position

Clock

¥No. 1 propeller pitch
No. 1 engine RFM

Not used

No. 2 propeller pitch
No. 2 engine RPM

Not used

No. 3 propeller pitch
No. 3 engine RFM

Not used

No. 4 propeller pitch
No. 4 engine RPM

Not used

Virtual imege TV display
Control stick

Pitch/roll trim button
Rudder pedals

Throttle

Flap handle

Drag switch (flap/transparency control)
Propeller RFM handle
Angle of aftack chevrons
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SUBJECT PILOT BACKGROUND

C~#T0T 4l

Ui

*I0A

II

LTC. ROBERT CHUBBOY (USA)
R&D SPECIALIST
FAA

RICHARD GOUGH
FLIGHT TEST PILOT
FAA

GORDON HARDY .
RESEARCH PIIOT
NASA

ROBERT KENNEDY
FLIGHT TEST PILOT
FAA

Current rotary wing and
light single and twin
- engine fixed wing,

Extensive STOL test and
operational experience
(DHC'Er 1"‘; 5, 6)-

Extensive rotaery wing test
and cperational experience
in a wide range of heli-
copters,

Extensive research simu-
lator experience in a wlde
varliety of aircraft.

Current experience in conven-
tional airplane airworthiness
certification programs (DC-10,
110131, ete.). .

Research test pilot for USAF
flying wide range.of conven-
tional flxed wing alrcraft.
(fighter, bomber, trainer,
utility, light STOL).

Limited STOL experience (YC-
134, BR 941 8)

Little rotary wing experiencs,

Iittle ground based gimulator
experiences.

R & D subject in TIFS
(Concord.e) .

Current flight experience
largely in conventional air-
craft (CV-340, CV-990, Lear
Jet)., '

Limlted experience in several
STOL aircraft (DHC-5, DHC-6,
AWISRA, BR941S) as research
Pilot.

Ko helicopter experience.

Extensive light aireraft
experience.

Military experience in con-
ventional single engine
fighter/attack aircraft.

Research simulator experience
in a range of handling quali-
ties experiments (space

shuttle, DHC-6, AWJSRA, etc.),

Seven years experience

as FAA flight test pilot.

(participated in STOL pro-
ject at NAFEC using DIIC-6

and Heliporter).

Experienced test pilot

for Plaseckil and Vertol
in ducted fan aircraft and
helicopters.

Considerable similator
experience.

Military experience in
wide range of aircraft
(fighter, bomber, trans-
port, helicopter, etc.).




5. Piloting Tasks

The simlation effort was divided between the approach phase (gbout.
9%:) and the takeoff phase. In the approach phase the following were

evaluated:

Nominal approach and landing (-7.5 deg glide slope)
Nominal approach with o display '
Steep approach (-9.5 deg glide slope)

Approaches with and without transparency.

The takeoff phase consisted of evaluating various combinations of Vﬁ
and V2 with and without turbulence. '

For each of the tasks (e.g. nominal approach and landings, steep
approach, etc.) the pilot was given a formal flight card containing

-pilot instructions. A sample card is shown in Fig. II-k4.
For approach and landing the following sequence of e#ents took place:

® Airplane was initially trimmed for straight and level flight
at 80 kt and 1600 ft, 45 deg flap, about 5 miles from air-
port, in IFR condltions near localizer edge, and 1nbound to
localizer at 45 deg 1ntercept angle.

® Pilot was given surface wind conditions {this information
was intentionally not always accurate). -

® Pilot intercepted localizer (approximately 084 deg) and turned -
on inbound leg.

® Prior to glide slope 1ntercept TO deg flap was selected and
airspeed trimmed at 65 kt.

® Pilot intercepted glide slope and selected full flaps (and
transparency if used) to begin descent.

® If VFR at decision height, then landing was continued to
touchdovm and rollout.

® If IFR at decision height, the pilot applied full throttle
and brought flaps to 70 deg position with thumb switch.
Target airspeed was 60 kt.

- ® After missed approach configuration was set and the pilot had
a stabilized situation, then 45 deg flap was selected and
airspeed trimmed at TO kt.

® Pileot continued missed approach climb on 90 deg heading to
1100 ft.
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Figure II-4

FLIGHT CARD NUMBER 14

MANEUVER CONFIGURATION CONDITION
Nominal Approach and Initial: T.0. Flaps (Bf = 45 deg) Initial: Speed = 80 knots; altitude = 1600 ft;
Lending: Approach: Flap 95 deg . Level flight {y = 0 deg)
Formal Testing Go-around: Flap 70 deg Approach: G/S = -7.5 deg --- 65 kt
Pilot Task |

Aireraft will be initially trimmed at 1600 ft in the takeoff configuration (i.e., B¢ = 45 deg) with power for
level flight along 45 deg heading. Continue heading to localizer intercept and execute constant altitude line-up.
Bank angle should not exceed 25 deg. Convert to approach configuration while maintaining constant altitude.
Descend along 7.5 deg glide slope after G/S intercept using 95 deg flap. After breakout pilot will complete
visual approach and landing using full reverse thrust after complete firm controllable touchdown.

Pilot should avoid applying full reverse at touchdown to prevent loss of lateral control.
If breakout does not occur at the decision height (i.e., 200 ft), he will execute straight-out go-around.

Normally, 10 runs will be flown in this Formal Testing phase.

Evaluation

1. Ability to execute line-up, conversion, and glide slope capture.
€. Opinion of performance and precision of flight path control and landing maneuver.

3. Was approach speed adequate? Was there encugh margin to counter wind shear?

k. Describe control technique for:
a. line-up
b. Glide slope tracking
¢. Flare and touchdown



The approach and landing sequence, as outlined above,.was typically
fiown 10 times during any one series of runs for a given approach speed
and configuration. During these 10 approaches the mean wind was varied
in random order. In 3 out of the 10 cases the ceiling was set low enough
to force the pileot to go around. An encine was failed on 2 out of the 3
go-arounds as well as during one of the landings. Pilots were not warned

prior to the go-around and/or engine out conditions.

The turbulence model used during these tests was designed to generate
the spectra given by the Dryden form of the continuous random gust
model given in Section 3.7.2.1 and 3.7.5 of Ref., 5. Wideband Gaussian
noise sequences, generated internally in the program, were filtered to
produce the required spectra. The spectra are functions of the scale
lengths Lw’ Lu’ and Lv defined in Table II-5.

During the 1972 tests, it was discovered that the noise generators
were not producing enough low frequency power to adequately reproduce
the Dryden spectra. This problem was corrected prior to the 1975 tests.

During the 1972 tests, the nominal turbulence level wag set such that

the standard deviation of the u gusts (qu ) was 3 ft/sec. Fig. II-5

g _
indicates the probability of exceeding a given turbulence level on an

average day as a function of 0, (au > 3 ftfsec 35% of the time).

g _
The wind conditions similated in the 1972 tests are depicted in

Fig. II-6, where wind speed is shown as a function of altitude. For
all cases, the runway heading was 090 deg. TFor all cases except 6, the
wind speed was held constant for altitudes greater than 300 ft. For
Case 6 the gradient (L4 kt per 100 ft) was constant up to 500 ft.

* The runway and ILS geometry was set largely according to Ref. 3. The
overall approach geometry is shown in Fig. II-7. A larger scale view of
the runway and ILS geometry is shown in Fig. II-8. The localizer offset
angle was adjusted so that regardless of glide slope angle, the slant
range from the decision height to the runway centerline intersection

remained constant at 500 ft.

6. Data Gathering

Data gathered in the course of this experiment can be grouped as:
[ ] Digital printout of speecific performance metrics
TR 1014-3 o 17 VOL. II



TABLE II-5

TURBULENCE PARAMETERS

I h > 1750 £t L, =L, =L =175 ft
II | 100 <h < 1750 Lw=h°
- 1/3
L =1L = 145 (h) ft
IIL h < 100 L =100 £t
L, =L = 671.35 £t
Hote; For all conditions o, =0, and a. = q, I
g g g g u
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Figure II-5, Turbulence Distribution
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Notes:

HW I[ndicates Headwind

TW Indicates Tailwind

Cases 1,2 ¢ 3 Are Go-Arounds
Runway Heading = 090 deq

- Oug® 3ft/sec

x/y - Wind Heading = x deg at y kt
In Case 6 the wind gradient is

constant up to 500 ft{IOkt headwind
at and above 500ft)

NO P UN -

Horizontal Scale = Wind Speed (kt)

300 | - . -
::: 200 L Case | | Case?2 | Case 3 | Case 4
= 090/5 135715 045/15 7 045715
5 100 _
T h\\\\ u\‘~\h\‘h“‘ﬁ- -h‘\\\h“~\\ﬁh__
O 1 : L 1 1
0 0 O 10 0 10 0 10
n - + n
300 Case 5 Case 6 |/ Case 7
£ 200 L | 270r10 270710 /] | 090/5
£
@ 100F pw Tw Taw [
T
0 / i I L
10 0] o 10 O 0 o 20
300 -
— - Case 8 Case 9 ’— Case 10
Z 200 - 090/5 | 045/15 135715
E
o |00 = —
T
0 | 1 i 1 1

0 I O 10 0 10 20

Figure II-6., Wind Profiles, 1972
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® Digital plots of aircraft position and II3

® Apalog strip chart recordings of aircraft variables,
control inputs, and disturbances

e Pilot comments given during formal debriefings
® Pilot comments recorded on reguest during the runs.

Samples of the digital printouts are given in Figs. II-9 through II-11
for takeoff, landing, and missed approach situations.

B. APRIL/MAY 1973 SIMULATION PERTOD

The similation description for this periocd is the same as for the

previous period with the following exceptions.
1. Simulator Apparatus

The FSAA was again used but with the VFA-VII Redifon. This involved
use of a different visual scene and an improved optical system (increased
depth of field).

2. Mathematical Model

The same basic BR 941S model was used. However, to reduce pilot
workload certain stability and control modifications were made. The
most important of these was the addition of a longitudinal and diree-
tional SAS. The longitudinal SAS consisted of an attitude command/
attitude hold system. The effect of this was to quicken short period
response and damp the flight path modes. Fig. IT-12 shows the effect
of the longitudinal SAS on a step control input.

The directional SAS was intended to help coordinate turms. It
decreased the long heading delay of the bare airframe (about 4 sec) and
increased the dutch roll damping. Fig. II-13 shows the effect of the SAS
on a step lateral input. In order to provide sufficient de-crab control
the pedaluto—rudder gearing was increased by a factor of 2 with the SAS
on*., Pig. II-15 shows that the de-crab response to a rudder step was
slightly improved over the unaugmented airplane. Both SAS designs are
shown in block diagram form in Fig, II-1k.

* The directional SAS was automatlcally turned off at ground contact.
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BRECULT PUAL-THT Dnify PRENIOUT

RUN NU'CER = 13 PATE? 02300 GV 17,772
WRET « S2600.

o - 4
ITRRis O '

REDIFCM RFEAUCUT = 7358.FT
GLIDE SLOFE RHILE = 7.37 DEG
RIS UTUPB = 3.26 F/S  RME VTURS » 4,37 F/S  RME WIURS = 2,20F/S

ENGINE FRILUSTE OCCURED AT 31,08 32C

X =  L2IBIE P4 FT WHZEL HEIGHT = J2216E 83 FT YVCAL = 73.1 KTS
XIC = 8. FT TIC = -19. FT '
HIC = 9. °T VEGIC = 5.08 KTS
DELTA PSI = .8 DEG TLAPIC = 43,1 DEG
AT ROTATION: TIFE=14.22 SEC :
X = §32.76 FT veaL s 64.81 KTS
AY = 7.54 FT/SEC LELTF = 43,13 IEG
AT LIFT OFF:
TINE = 15.76 SEC X . 1861, 17 FT
veaL = €3.63 KTS THET = 18.52 DEG
ALFA = 9,18 LE5 ahzZ = 1.86 6
¥ o= -14.30 7T PST = ¥3.79 DEG
PHI = 1.12 DES BETA = -€,87 DEG
FROM START TO LIFTOFF:
HAX HIN
THETD = _ 6.34 ~.84 DEG/SEC
THETA = 18.62 -1.87  DEG
ALFA = 5.26 -2.97 DE6
ANZ = 1.18 .88 G
DATA AT 35 FT:
TIME= 19.82 SEC X= 1558, FT HDCT= 18.36 FT/SEC
VCAL= 72.98 KTS LELTF=  d43. DEG )
DATA FROM LIFTOFF TO 35 FT:
MY MIH
HDOT = 10.35 2.87 FTsSEC
VCAL = 72.86 £9.63  KTS
THETA 11.30 a.er  hEG
ALFA = 9,53 - 2,891 LES
ANZ . 1.1z : a6
DATA RT 1280 FT:
TINS=112.82 SEC Ne12871. FT “BGT= 35,76 FY/SEC
WELw €210 KTS LELTF=- 43, DES
PATA EETLEEN 35 FT AN teoe
' Hp rrH
HDOT = 19.€3 1.73  FT.SEC
VCRL e TE.SE 67.90 KTS
THETA = HEP | 8,]7 DLG
RLFA e it.ra 3.53  IZG
ANZ . 1.3 SLE 5
MINITUT CESTRCLE CLESAANCE FLAMT » 5,05 DEG
Figure II-9
Digital Printout and Digital Plots (October/November 1972)
a. Takeoff
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M MFEER = 12

BREGUET RERL-TIME DATA PRINTIUT

DATE: #9:35 may 03.°7%

WALT « a3cen, PITOH S35 « |
& = .27 YU SRS - |
1TRAN= 8

REDLFOM GFEAKDUT =  224.FT

GLIDE SLOPE RNGLE = 7,30 DEG

ME UTURD » 3.07 F/5 RrS VTURD « 173 Frf RIS WTLERS » 2.5/

THERE WS N0 ERSINE FAILUPE THIS RUN

NIC = -1154%. FT YIC »  |087. FT
NIC = 1608, FT VEDIC = §5.00 KT
DELTR P51 = 9.3 DEG FLRPIL = 93.8 I4G
. FROM tBOS FT TO 190 FT
QUANTITY rmx WEIGHT niw WEIONT e
LOCRLIZER SFROR 1.8 DEG 8. FT ~.T% LEG ot. FT -.224 DES
GLIDE SLOO EPROR .4t PEG ser, FT -T€ 135 e, BY - 1% 1EG
CALIERMTED R IRSPEED £63.52 KTS 331, FT §3.65 r1s 8. Ft 66,742 075
VERTICRL \ELOCITY -8.31 FT-8 619. FT  -1%.53 FT§ <9, FT =18.%31 FT.S
PITCH BHGLE -4.4% DG €22, FY  -7.51 G 419, FT 5,670 €C
AIGLE OF ATTACK 2.7t DEG 393, Pt -3.24 €6 5§68, FT -.789 JEG
MOFHAL LOAD FACTOR 1,12 ND 393, fT .87 HD 87, FT $85 D
BANK ANGLE 5.97 PEG 363, FT  -4.82 LEG 150, FT 571 DEG
COLWH D13 FLACEIEHT .43 Ih 182 FT =154 IN 526, £T =18 1
WHEEL D1SFLACEMENT 179 M all, FT =d.%a tn 36, €Y 005 tw
THROTTLE POSITION 98.92 PCT B2a. FT  98.12 PCT a%8., FT  €9.7%5 FCY
RUDDER PEPAL DISPL. 6% 1M 303, FT =10 I 757, BT 06T IH
DELTA FS| 9.63 DEG | 626, FT 3.7% te6 81, FT €.825 M2G
PITCH FATE 2.56 DEG/S ' 407, FT  -2.79 DEG-E  524. €T .003 [EGr% D50 [EG/E
G5 ERROR RATE .22 DEG/S  300. FY -.16 NEG/S <428, FT 018 [£678 .50 1€6/5
LOC ERROR RATE .42 PEG/S 1S, FY -7 MEGSS  4%6, FT 822 €65 091 DEG/S
VELOCITY RATE 24.05 TS5 798, FT  -22.24 K1S/5. 796. FY 212 kTS5 4.7%3 XTS5
AT BREAKOUT:
RUN TIME =115.BSEC (O, ERFOQOR = -, 16MEG G5 ERROR »  .SEDEG .
RLTITUDE « 21B.FEET X PISTANCE FROM THRESHOLD = =1294,FEET ¥ DISTANCE FROM THRESHOLD =  47.FEET
FROM BRERKOUT TO 33 FT LMEEL HEIGHT
QUANTTTY X WE IGHT it HETGHT rEAN o
COLTIEPATED ALRSPEED £9.8% XTS5 . FT 62.23 k13 5. FT  67.69 kTS 1.35 KTS
VERTICAL VELOCITY -7.94 Er5 107, Ft  -1€.6% Fr5 W7, FT  =12.01 F3 2.28 F8
PITCH AHGLE -d,84 DEG 124, FT ~7.94 TEG 8. FT  -6.32 {E6 B2 1EG
MIGLE OF ATTACK 1.37 PEG 188, FT -3.84 DEG g3 FY -.35 G 97 DEG
NORHIL LOAR FaCTOR 1.09 Hb 148, ET .53 HE a9, FT 1.81 np 04 HE
- BANK ANGLE 13.3% DEG 152, FT -3.71 PEG 35. FT 1.46 DEG 4,39 DEG
COLUYS DISPLACEFENT 56 In i85, FT -1.33 I ?3, Ft -.55 M ST
AMEEL DISFLACETENT 4.97 IN 36. FT -4.01 43, BT .12 W 2.7
THPOTTLE PGSITION 48,43 PLT 4. Y #?.51 PCY 66, FT  88.16 PCT .63 PCT
RUDDER PEDAL BISPL. 1.00 IN 143, FT =72 N 178, FT NFR 8N
DELTA F51 9.63 DEG 108, FT -2,27 DEG 187, FT 5,57 DEG 4.19 DEG
MpreraLBRDING DATA
. Hax HIN
HOOT = -5.19 -12,9  FT.sEC
AT - 1.19 20 €
T™ETA = .54 ~6.31  PEG
T r.59 -.98 1DEG
THROTY, 95.%8 B9.62 PCT
PSI . §.36 $.83 MG
M~ z.7a -1.69 IEG
B - .20 06 1IN
AT I3 FT LHEEL HEIGHTT
RUN TIME o |79.4 SEC X » =%, FEET ¥ 2. FEET  VOAL = £2.2 ONOTS
HDOY «-]t.€5 FT-SEC  THROTTLE -£3.98 PCT LDAD FACTOR = .92 AFa = -7 MEG
THETA = -§,38 DEG HEAPING OFFSETs 5.4 DEG i= -3.7 DEG BETA» 1.8 DEG
AT TOUCHDOWN )
ROM TITE » 133.2 SEC W= 349, FEEY Y. 3. FEET VLA = 7.9 FROTS
KOQY = -B,8S FT/SEC  TwoOTTLE =3%.30 PCT L0al FACTOR «-1.26 FLFA » &2 LEG
™ETH = .53 MG MEWDING DFFEET= 6.3 DEG  PMI= 2.2 DEG BETA= -.0 bEG
AT REVERSE THRUST
BN TIME «148.475FC ¥ DISTANCE = 9D1.FY ¥ DISTAsLE =  1.2¥T
AT EMD OF I
RUN TIME «14%,2766C N DISTANCE w1144 FT ¥ DISTANTE = 2,267
O GO-AROUND

RINIFAUM DBSTACLE CLEARANCE PLOME » £3.99 TEL AY MEEL =
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Figure II-10

a. Normal Approach and Landing
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Figure II-10 Concluded
¢. Lateral Position (ft) versus Distance
_From Start of Runway (ft).
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EPEGUET FENL-TIIE DATR PRINTOUT

PUM HUMBEP = 14 DATE: [3:04 HOV OF,"72
WRIT = asona,

[ = -

ITRAH= |

7S.FT
.50 DEG

REDIFON EPEAKQUT =
GLIDE SLOPE ANGLE =
RIS UTURE = 3.88 F5 RMS VTURB = 3,14 F/5

ENGINE FAILURE OCCURED AT 199.85 SEC

X = -.2542¢ P4 FT WHEEL HEIGHT = .3956E 83 FT
XIC = -2a478. FT YIC = =137, FT
HIC = 1508, FY VEQIC = 30.08 KT3
DELTA PS) = 29,4 DEG FLAPIC = 43.0 DEG

FROM 1802 FT TO 300 FT

OUANTITY mx HELGHT MIN HE IGHY
LOCALIZER ERPOR ~.15 DEG T23. FT -1.03 DEG 519, FT
GLIDE S5LCPE ERROR .84 DEG 303, FT .04 DEG 559, FT
CALIERATED ATRSPEED 66.72 KT5 . a1, FT 61.32 K15 B33, FT
VERTICAL VELOCITY ~9.83 FrS5 1909, FT -20.54 Fr35 VED. FT
PITCH ANGLE -3.94 DEC 953. FT =12.21 DEG 684, FT
RHGLE OF ATTACK ~.44 DEG 354, FT -6.20 DEG 660, FT
HORFEAL LOAD FACTOR 1.18 HD 323. FT L85 HD 36d. FT
SIDESLIP ANGLE 3.59 DEG 315, FT =-4,03 DEG B75. FT
COLUMN DISPLACEMENT | 1.41 IN &M, FT -.02 I 35L. FT
WHEEL DISPLACEIENT 52 1IN 559, FT -.92 IH 517. FT
THROTTLE POSITION 95.56 PCT 324. FT S1.26 PET 3. FT
RUPDER PEDAL DISPL. <18 I Be5. FT -.52 IM 582, FT
AT BREAKDUT:

RUN TIME =  .@SEC LOC. ERPOR =  ,BODEG

ALTITUDE = RB.FEET X DISTAHCE FROM THRESHOLD =

DATA HOT VALID FOR 33<HCBREAKOUT
HO LANDING DATR. DID NOT DESCEND BELOW 35 FT

AT GO~AROUND IMITITATION: .  HLEEL= 207.1 FT

RMS UTURB » 2.8455

O.FEET

RS DEV

FEAN
-.58 DEG w32 DEG
.34 DED .24 DEG
63.59 K75 1.57 KTS ~
-14.93 £.5 3.21 FsS
-18.68 DEG .78 DEG
-3.32 DEG .98 LEG
.98 WD .84 KD
=.52 DEG 1.44 DEG
83 In «25 N
-.02 IN .41 IN
93.29 PCT 1.75 PCT
~.00 1K .88 IN
¥
G5 ERROR = .BODEG

© ¥ DISTRHCE FROM THEESKOLD. =

HBOT»-14.66 FT/SEC

HDOT+ 22,91 FY/SEC

HDOT= 22,69 FT/SEC

TIME~149.81 SEC v =876, FT
VCAL= 63.25 KTS DEL.TF= 83. DEG
AT 588 FT ALTITUDE .
' TIHE=247.60 SEC  X= 3952. FT
VCAL= 75.72 KT5 DELTF= 43, DEG
MHAX HIH
HDOT = 23.57 ~14.59 FY/SEC
VCAL = g2.44 62.93 KTS
THETA = 12,22 -5.95 DEG
ALFA = 3.59 -3.85 DEG
ANZ - 1.22 .88 &
AT 1@d0 FT ALTITUDE )
TIME=277.54 SEC K= 7545, FT
VCAL= 73.30 KTS DELTF= 43, DEG
‘ M HIN '
MBOT = 22.94 11.50 FT-SEC
VCAL = 7737 70,95 KIS
THETA = 19,78 7.73 DEG
aLFa = 4,23 10.63  DEG
ANZ - 9999.00 !9m%.00 6
MINIMUH DBSTACLE CLERRANCE PLANE = 9,91 DEG
Figure II-11 ‘
Digital Printout and Digital Plots (October/November 1972).
a. Go-around
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c. lateral Position (ft) Versus Distance
: From Start of Runway (ft).
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BR 9418
45,000 b

27T

95712

60 kt/-7.5 deg y

Steady State

SAS Off
8 -
SAS Off
~~— Steady State =
| | 1 | 1 |
4 6 8
Time (sec)
SAS Off : g ] 136.6 [.97,.3|]7 (deg)
st [.13,.31][.90,.86] (20) \ in.
sas on: 8 . 2284(20)[97,.31] (d-eg)
Ss7 (13)[.83,.28][ .64,1.8](i8.6) \ in.

Figure II-12, Effect of Pitch SAS
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BR 94i5S
45,000 ib

27T

95 /12

60kt /-7.5deg y

20

(deg /sec)

r in.

R SAS Off = SAS On
SLat " '

STEP
10

Rate-of- Turn Response
(Uncoordinated )

. | L ! | !_
O ' 4 8 12 16

Decrab Response
(Wings Level )

Seep|’ ~ _~ SAS On

SAS Off

t(sec)

Figure II-13, Effect of Turn Coordination SAS
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PITCH ATTITUDE SAS

TR-1014-3

Mechanical
Gearing Actuator 2]
- - AS Off 3 (deg)
dstlin) -] _g 989 SASO 05t+ : A/C -
l in. On 05s+1
Attitude
Command >
deg 8 + -25(s+2) { 60
4 — =
n. - s chns
L FlQp | _55 + | fantll
interconnect
TURN COORDINATION SAS
Mechanical
Gearing ts
, j L o
n. gr ———I.— ¢p(deg)
SAS -
SAS Off\On 9
Command U
Augmentation Lag
oy S S ey W 4
=1 -6.5—
In. .55 +1 +
Figure II-i4. SAS Block Diagrams
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The lateral control with props in reverse pitch wa.s increased from

Stat

-'zero to's——— = .198/rad (1ndependent of C ) to prov1de a normal

-level of aerodynamic roll control while on the groud. This.provided
“the pllot with a more positive degree of ground handling in the preSence '
of crossw1nds Also, lateral gearing was linearized to cut down on -

control sen51tiv1ty about zero. Lateral control power was unchanged. ‘

‘A wing incidence increment feature was added to the model. ThlS
_was done to allow approaches with less nose down pitch attitude.' Pilots-
felt this would aid in the overall impression of the visual scene as

o well as helping the flarertask. The Wlng 1ncidence was not used as a

ﬂ‘separatescontrol but fixed by the computer operator. For. all normal

. approaches the wing incidence was set for. e 5 deg nose down final

‘ approach. Changes in wing incidence only changed the aircraft PltCh
'attltude WLthout affecting the dynamics._

‘ '3.  Cockpit .Layout

The‘cOCkpit layout was extensively modified for this series of'teSts,
a8 shown in Fig. II-15. The fighter type stick and throttle control of
the earlier experlment (and of the actual BR 9#18) were replaced by
'-.a_conventlonal transport column and wheel. - The throttle control was :

“‘changed to one on the center console.. This was not done because of any

o problem with the. earller configuration but rather to be compatlble
o with concurrent similation of the Augmentor Wing aircraft.. Table,;I_6'
‘A"shows -revised feel system characteristics. : ' I

. COCkpit 1nstruments were rearranged-ln -an effort to. rednce'pilot
: scanning workload., In addition, the fast/slow *bug' on ‘the’ ‘artificial

“horizon was mechanized to. indicate elther angle of attack or alrspeed A”

L deviations from & nominel velue set by the computer operator.‘ In the e,f

r‘angle of attack ‘mode, the full scale deflection was +.4 deg while e
. the airspeed mode the full scale deflection was * 5 kt. The 1nstrument
layout is shown in Fig. II-16.
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TABIE II-6

FEEL SYSTEM CHARACTERTSTICS
(April/May 1973) -

BREAKOUT GRADIENT LIMITS

4.7 Ib/in  [4.18 in fwd

+ 1 1b
5.85 in aft

Longitudinal Column

+1.71b | .153 1b/deg | + 50 deg

Lateral Wheel | =
(measured (measured
at at
8 1b 22 1b/in r50in

Rudder Pedals
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Figure II-6, Instrument Panel {April/May 1973)
a. Layout



Figure II-16 (Concluded)
b. Key'to Instrument Panel Layout

TR 101473
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1. No. 1 engine RPM
2, Turn and bank indicator
3. Indicated airspeed
L, Angle of attack
5. Artificisl horizon (includes glide slope, localizer, and fast/slow
indicator)
6. HSI (includes localizer data)
7. Barometric altimeter
8. IVSI |
Q. Magnetic compass
10. Radar altimeter
11. Normal-accelérometer
12, . Cross~shaft RPM
13. Flap position
14. Clock
15. No. 1 propeller pitch
16. HNo. 1 engine RPM
17. Not used
18. WNo. 2 propeller pitch
19. No. 2 engine RFM
20. Not used
2. No. 3 propeller piteh
22. No. 3 engine RFM
23. Not used |
24k. No. ﬁ propeller pitch
25. No. 4 engine RFM
26. Not used
27. Virtual image TV display
28. Rudder pedals (and brakes)
29. Flap handle 7
30. Throttle (includes reverse thrust lever)
31. Drag switch {flap/transparency control)
%2. Piteh/roll trim switch
33. Control wheel
3%. Angle of attackrchevrons
39
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L. Subject Pilots

The number of pilots participating in formal testing during this
phase was reduced to two thus allowing more thorough training. The two
pilots were Richard Gough (FAA) and Gordon Hardy (NASA). Both partici-
pated in the previous simulation period and therefbre helped to provide
continuity with the October/November 1972 effort.

5. Piloting Tasks

The main objective of the April/May 1973 simulation was to further
examine the approach and landing phases of STOL operations. Special
emphasis was placed on obtaining consistent piloting performance and

consistent pilot ratings.

The April/May 1973 simulation period was begun with a set of NASA
conducted exercises. These were primerily of a training nature and
consisted of each rilot flying approaches beginning with more conven-
tional ones (partial flaps, shallow glide slope, and higher speed) and
building up to the STOL conditions typical of those flown during formal

testing.

The approach task given to the pilot was identical to thabt of the
October/Nbvember 1972 simlation. However, extensive itraining was
provided for each new apprcach condition. Only after the pllot felt
satisfied with his level of proficiency was formal testing begun.

Pilot evaluation during formal testing consisted of addressing the
questions on the pilot evaluation sheet (Fig. II-17). Pilot ratings
were assigned using the modified Cooper-Harper rating scale of Fig. II-18.
The Cooper-Harper scale was revised to eliminate ambiguities in addressing
the question of airworthiness as opposed to handling qualities. In this
modified scale an acceptable configuration would be rated 3 1/2 or less
in the calm air test conditions, and 6 1/2 or less in the adverse test
conditions (turbulence and low ceiling). Failure to meet either criteria

is interpreted as an unacceptable configuration.

A new runway was used in these experiments. The main differences
between this one and that of the earlier tests (see Fig. II-19) were:

TR 1014-3 Lo VOL. II



FIG. II-17

PIIOT EVALUATION

Pilot Date Runs
Task YAPP kt
Pilot Ratings: ' Calm air

With turbulence

With wind shears

I1S Tracking:

1. Ewvaluate task difficulty, performence, and safety margins.

2. How were the above affected by the turbulence or low visibility?.

3« Describe the piloting technique used.

L. Describe any problems in tracking the IIS beam or maintaining
airspeed {or a). '

Flare and Landingé

5. Evaluate task difficulty, performance, and safety margins.
" 6. How were the above affected by the turbulence or wind shears?
. Describe the piloting technique used.
'« Deseribe any problems encountered in the flare and landing,

O~1 O\

General:

9. What were the mejor factors involved in emch of the three ratings?
10. Add any additional comments you wish to.
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ACCEPTABILITY OF
SAFETY MARGINS, TASK
PERFORMANCE, AND .
PILOT WORKLOAD

FIG. 1I1-18

Modified Cooper~Harper Rating Scale

GENERAL BAFETY

Acceptable for

routine airline
cperations
?

Acceptable for
rare occasions, e.g. FC8
failure or severe
atmospheric condi-

Controllable

7

[Pilot decisionsJ

) PIiOT
CHARACTERISTICS MARGINS / GMDS O THE Pm@ RATING
Excellent Clearly Pilot compensation not a factor for 1
Highly deslrable adequate desired performance
»} Good Clearly Pilot compensation not a factor for 2
Negligible deficiencies adequate degired performance
Falr - Some mildly Clearly Minimal pilot compensetion required for 3
unpleasant deficiencies adequate desgired performance
Minor but annoying Clearly Desired performance requires moderate L
No | deficlencies adequate pilet compensation
Ll O
Moderately objectionable Adequate Adequate performance reguires 5
deficlencies considerable pilot compensation
Very objectionable but Marginal . Adequate performance requires extensive 6
tolerable deficiencies pilot compensation
Major deficiencies Inadequate Adequate performance not attainable with T
maximum tolerable pilot compensation,
Controllability not in question
Major deficiencies Inadequate Considerable pilot compensation 1s 8
required for control
Major deficiencies Inadequate Intense pilot compensation 1a required ]
to retein control
Ro N
¥l Major deficlencies Hone Control will be lost during some portion 10
of required operation
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Figure II-19. Runway Geometry




® The touchdown zone was displaced 50 £t down the runway
from the glide slope intercept.

® The overall runway length was extended to 1800 ft.

A VASI-1ike visual glide slope reference was located at the Spot where,
in real life, the ILS transmitter would have been located. The visual
glide slope reference consisted of a horizontal bar fixed on the ground,
parallel to the runway threshold, and a vertical board located in front
of, and higher than, the horizontal bar. By adjusting the height of the
board, different glide slopes could be set. When the board and the bar
were aligned, the aircraft was on the correct giidﬁ slope. When the
aircraft was approximately 2.7 deg low, the bottom edge of the board would
line up with the center of the bar. It was estimated that glide slope
errors of roughly 0.5 deg could readily be detected when close to the

TUNWaY .
Prior to this test period the turbulence model had been revised to
more adequately similate the low frequency portion of the spectrum. Also,

the nominal value of g, was set at 4.5 ft/sec for the 1973 tests

g
(cu > b.5 ft/sec 10% of the time, see Fig. II-5). With the exception of

g
these two changes, the turbulence model was unchanged from the 1972 tests.

Fig. II-20 is a typical time history of the u and w turbulence levels
experienced during a descent from 1600 to 200 ft. During this descent,
the nominal turbulence level was 4.5 ft/sec.

The wind conditions simulated in the 1973 tests are depicted in
Fig. IT-21. The wind speed at 200 ft was held constant for altitudes
greater than 200 ft, and the runway heading was 090 deg.

6. Date Gathering .

The same means of collecting data was used in these tests as in the
previous ones. However, to facilitate data reduction, certain run data

were also stored on punched cards for later automatic processing.
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{ Notes:
L Tug OV, Nominal Value = 4.5 ft/sec

i3
= | o |
3:’ h= 1600 ft ‘ ' ' : h=200 ft
ug 20 [ &
{ft/sec) | /—ug _
L i I l | | l ] | |
0 10 20 30 40 50 60 70 80 90
Time (sec) .
& _
h=1600 ft : | h= 200 §t
wq [e}
( ft/sec)
0
: § -10|-
: | ] | | I ] i | | 1
- 0 10 20 30 40 50 60 70 80 90
Time (sec)

Figure II-20, Typical Turbulence Time History



Notes:

. Cases | and 2 Have No Wind,
No Turbulence

. No Case 4

oug=4-5 ft/sec

. Runway Heading = 090 deg

. x/y = Wind Heading = x deg at y kt

SN NE

Horizontal Scale = Wind Speed { kt)

300} - - -
E 200 Case 3 | Case 5 __Ccse 6 _Ccse 7
; 090/10 270710 360/10 180710
3 100} - - -
I
0
0 10 0 Ie; 0 10 0 10
300 | - L
= 200 I- Case 8 | Case 9  Case {0
E . 090/8 090/5 270/5
2 100} - -
Ir
0 i | 1 | |
0 io 0 i0 20 0 10 20
300 - —
s Case ! Case 12
z 200 g45/8 ~ 13575
s 100 -
I
0 1 | 1
0 10 0 10 20

Figure IT-21. Wind Profiles, 1973
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SECTION III

ILS TRACKING DATA

A. 1972 RESULTS

Pilot/aircraft performance during the approach was measured by recording
the means and standard deviations (o) of several parameters from an altitude
of 1000 ft to 300 ft. The parameters which will be discussed here are
glide slope deviation, airspeed, pitch attitude, and thrust. The first
two are direct performance measures of how well the pilot tracked the
glide élope and how well he controlled his airspeed. The latter two .

indic&te pilot control activity.

The glide slope performance for each pilot was plotted versus the
number of approaches he had made, see Fig. ITI-1. This was done to check
for long-term learning effects. In Fig. III-1l each data point represents
the average* over a series of approximately 10 approaches. Each point is
- labelled with the approach speed in knots and, unless indicated by addi-

~tional notation, is assumed to have no « display, o, = 3 ft/sec, T in,

& g
and ZAPP = =T7.5 deg., Additional notation indications:

o Angle of attack display was active
SAL  Steep approach and landing (-9.5 deg)
? Transparency out '

No Wind HNo wind or turbulence

Examination of Fig. IIT-1 does not indicate any significant long-
term learning effects. Furthermore, the performance is surprisingly
consistent over all the test conditions except for the effects of

turbulence.

The ILS tracking data Have been carefully examined to determine the
effects of: '
® Approach speed

® Transparency in or out

* The average o ovef several runs was computed as the square root

of the average 02.
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® Presence or absence of a display
@ Approach flight path angle (~7.5 vs -9.5)

The following paragraphs review the effects of each of these factors
on performance and the pilots' subjective impressions. The general result
was little or no variation in performance even for situations where the

pilot comments indicated very poor characteristics and increased workload.

1. Approach Speed

Tabnlations of glide slope, éirspeed, pitch, and throttle* deviations
and mean approach speeds are given in Table III-1 for the verious test
conditions. In addition, the deviations versus mean approach speéds‘are
plotted in Fig. IIT-2 for the most widely tested condition - transparency
in, no o display, and 7,5 = -T.5 deg.

In generaJ,‘reducing the approach speed increases the glide slope
deviations; however, the changes are relatively smell and not consistent
among the different pilots. In fact, reducing speed seems to increase the

intersubject variability, see Fig. III-2.

A more complete set of glide slope tracking data 1s shown in Fig. III-3.
The trends sre the same as those shown in Fig. ITI-2 even when including
the 50 kt, transparency-out case. The relatively'gobd performance for
this condition is indeed surprising. At this speed the aircraft was so
far on the backside of the drag curve that an unusual-piloting technigue
was required. Thrust was relatively inefféctive in controlling flight
path. The pilots found that pitch attitude was the only effective flight -
path control but that it was reversed, il.e. nose down to go up. Though '
their performance was still good the pilots considered the use of this
unatural control technigue completely unacceptable. This is an extreme
example of the inability to define acceptable flight conditions from ‘
pilot/aircraft performance alone. ' ' _

With regard to mean airspeed, V, it cen be seen (Table ITI-1 and
Fig. III-2) that the pilots generally flew slightly faster (on the order
of 1-2 kt) than the target speed. This is probably a result of being

* Throttle variations are given in terms of gas generator percen£ RPM.

TR 1014-3 | b9 | VOL. II



TABLE ITI-1:

a. Glide Slope Deviations, g, /s (deg)

TIS TRACKING DATA

TURBULENCE
APPROACH APPROACE | FILOT
SPEED o ¥ Y
(kt) TRANSPARENCY |DISPLAY | (deg) (fps) H C G K
55 N OUT ) 3.0 .55 .42 «29 10
60 IN oUT -7.5 3.0 AT Al .29 .31
65 IN OUT -705 3-0 -58 l% - 036
55 IN N “Te5 3.0 _— ——— —— 53
60 IN IN -7-5 3.0 49 ——- .39 A2
65 IN W -7-5 3.0 38 ) e | --- L1
55 IN OUT -9.5 3.0 — —— —- A7
€0 IN ouT -9.5 3.0 51 .32 —-— <35
65 N oUT -9.5 3.0 - - — .36
55 m ) I:N -9-5 5-0 - - - -
60 IV TN -9.5 3.0 .37 L —— ——
65 IN N -9.5 3.0 A5 —— 37 —_—
50 ouT OUT -T.5 3.0 - —~— - .65
55 OUT ouT 7.5 3.0 B R Rl It
60 QUT ouT -7.5 3.0 A48 .30 41 .31
50 QUT in} =T.5 3.0 - Rite) A3 )
55 out IN 75 3.0 -— -—— - .36
€0 OUT N “Te5 3.0 -— .35 - .34
65 IN QUT =75 0.0 A7 .31 .12 .23
65 IN N =75 0.0 - -— L
60 OUT ouT -7.5 0.0 - ——— A1 —_—
60 oUT N =Te5 0.0 _— S —-- b
Note: No Pitch or Yaw SAS
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TABLE TII-1:

Continued

b. Mean Airspeed, V{(kt)

TURBULENCE

APPROACH APPROATH [ o FILOT
SPEED ' a y Yg
(kt) TRANSPARENCY | DISPLAY | (deg) (fps) H C G K
55 IN ouUT -Te5 3.0 56.6 | 55.9 | 57.5 { 56.5
60 IN ouUT ~7.5 3.0 62.6 | 62.5 | 60.7 | 62.1
65 IN ouT ~Te5 3.0 66.7 | 66.5 { ~——= | 66.4
55 IN IN ~T5 3.0 ceme | == | =me- | B4.6
60 i IN TS 3.0 57T { ===~ | 60.4 59.9
65 o IN =Ts5 3.0 64,2 | amem | =nm | 6L
55 IN oUT -9.5 3.0 mmem | mmem jeeee | BT7.5
€0 v ouT ~9.5 3.0 63.5 | 62,6 | =-~== | 60.9
65 IN oUT -9.5 3.0 ccom |amma Jomen | 66.1
55 IN N | -9.5 3.0 SO USSR ISR PR
60 | m -9.5 3.0 59.9 [60.3 [==mm | =m--
65 IN I -9.5 3.0 5.6 | mmma {666 J e |
50 OUT ouUT -7.5 3.0 wmmm fomme bemen 49,7
55 OUT ouT -7.5 3.0 5742 |amma |amen {am--
ouT ouUT ~Te5 3.0 $2.9 [62.3 |61.7 {62.6
50 OUT IN =75 3.0 —-——- |52.% |50.9 |51.8
55 oUT IN =75 3.0 mmmm [mmmm [meee |B5.T
60 OUT IN =T.5 3.0 mmm= |60.5 |a=m- |61.6
65 IN our | -7.5 0.0 65.7 167.1 165.5 |6%.8
65 IN IN =75 0.0 —mee |—=== |66.5 |-=--
60 ouT QUT -7.5 0.0 YU [ [ 5= JO T
€0 ouT N ~75 0.0 cema |mmme fowea [61.8
Note: No Pitch or Yaw SAS
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TABLE III-1: Continued

Airspeed Deviations, o, (kt)

TURBULENCE
APPROACH APPROACH | « PILOT
SPEED a ¥ Y
(kt) TRANSPARENCY | DISPLAY | (deg) (fps) H C G X
55 ™ OUT -7.5 3.0 2.0 2.2 2.0 1.8
€0 IN outT ~7.5 3.0 .91 3.81 2.2 1.8
65 N oUT =75 3.0 2.2 2.5 ~== | 2.1
55 IN IN -7.5 3.0 e | emm | e== ] 2.3
60 IN N -7.5 3.0 2,2 | == | 2.4 | 2.3
65 IN N =75 3.0 2.1 wm= | === | 2.3
55 IN ouT -9.5 3.0 mam | wm= { === ] 1.8
60 IN OUT "‘9.5 3.0 2-0 2.1 ——— 1-8
65 IN our -9.5 3.0 com | === | ===} 2.0
55 IN m -905 500 btk ol - - -—— -
60 IN IN -G.5 3.0 1.9 {1 1.8 | === | -u-
65 IN IN ~3.5 3.0 L.9 | === | 2.1 | ~--
50 ouT ouT =75 3.0 cmm | mmm | === ] 2.0
25 OUT ouT -T7.5 3.0 22 | mem 1 can | ama
60 ouT ouT ~Te5 3.0 2.2 |1 1.9 | 2.1 1.8
50 - OUT IN -7.5 3.0 w- 12,31 2.5} 2.2
55 ouT IN =75 3.0 cem | = | —== | 2.0
60 ouT IN =75 3.0 ——— | 2.4 | === | 1.9
65 N ouT -7.5 0.0 1.4 {1 2.0 1.5 | 1.5
65 IN N 7.5 0.0 mem | mmm | LB | =m-
60 OUT OUT =745 0.0 -} === P L5 -
60 OUT IN -7.5 0.0 mmm | mem | e== | 1.2
Note: No Pitch or Yaw SAS
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TABIE IIT-1: Continued

d. Pitch Deviations, oA (deg)

TURBULENCE
APPROACH  |aperoacH | ¢ PLLOT
SPEED _ o ” %
(kt) TRANSPARENCY | DISPLAY | (deg) {fps) H C G X
55 N oUT | -7.5 3.0 {23 25| 22 | 12
60 N OUT -T.5 3.0 1.2 1.9 1.5 ] 1.1
65 IN OuT -T.5 3.0 1.2 | 17| ane | 1.3
55 IN ™ ~7:5 3.0 | e | mae | aee | 1.5
60 N IN | -7.5 3.0 1.5 -== | 1.7 | 1.5
65 IN w | -7.5 3.0 1.3 | -== | === ] 1.3
55 IN oUT -9.5 3.0 —-- | --- cem | 1.3
& ™ OUT -9.5 " 3.0 1.2 ] 1.3} -—- | 1.1
65 IN OUT -9.5 3.0 e | em ] e 22
55 IN IN ~9.5 3.0 cma | eme | omme | aea
60 IN IN | -9.5 3.0 14| 16 —m | -
65 IN I -9.5 3.0 1.0 | ;e | 1.2 [ ~--
50 - oUT ouT =75 3.0 ' N e
55 ouT OUT -T.5 3.0 |16 | mem | e |
60 ouT ouT “T.5 3.0 1.k ] 1.3 1.5 | 1.2
50 OUT I -7.5 3.0 e [ L3 2.1 1.3
55 OUT IN ~T.5 3.0 o | e | e-= | 1.1
60 ouT IN ~7.5 3.0 -~ 7| - | L2
65 TN | ovur -7.5 0.0 0.7 15| 0.7 0.7
65 IN IN | -7.5 0.0 cee | === | 0.9 | ---
60 - QUT ouT =75 0.0 cam | eem 0.9 | ---
60 ouUT m =-T7.5 0.0 e | == | e | 0.5

Note: No Pitch or Yaw SAS
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TABLE III-1:

Concluded

e. Throttle Deviations, o (4 RPM)
G

TURBULENCE
APPROACH APPROACH | o FLLOT
SFEED o y ¢!

(kt) TRANSPARENCY | DISPLAY (deg) (fps) H ¢ G X
55 i oUT ~T5 3.0 2.6 1 2.1 2.1 2.3
60 pai| ouT =75 3.0 1.8} 3.3] 2.2 | 2.3
65 IN ouT -T5 3.0 2.6 | 2.2 -—= | 2.4
55 I IN -Te5 3.0 e | e | mem ) 2,2
60 IN IN -7.5 3.0 1.8 ——- | 2.5 | 2.4
65 IN IN ~Te5 3.0 1.8} eem | ~== | 2.5
5% iui} oUT -9.5 3.0 R BT T -
60 IN ouT -3,5 3.0 2.1 1 2L ——-t 2,5
65 N OUT -9.5 3.0 SR (NN e -
55 IN N -9.5 3.0 ama | e | | e
60 IN IN -9.5 3.0 2.7 1 2.3 - | ===
65 IN m "'905 3.0 2-0 - 2.5 -
50 OUT QUT -7.5 3.0 wom | mam | —== | 1.8

5 ouT OUT -Te5 3.0 2,8 | come | cem | —mm
oUT OUT =75 3.0 3.0 | 2.6 | 2.8 | 2.6

50 OUT IN “Te5 3.0 — 2.5 1.1 2.5
55 OUT IN 7.5 3.0 e | e | wmm | 2.5
60 OuT IN -7.5 3.0 e | 33| aee | 2.7
65 IN ouUT ~Te5 0.0 2.0 | 2.8 | 1.9 | 2.3
65 I IN ~Te5 0.0 e | === | 1.8 ---
60 oUT ouT =T.5 0.0 | == | 16| ---
60 ouT I -7.5 0.0 mom | aam | e ] 1.9

Note: XNo Pitch or Yew SAS
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more concerned about being slow than about being fast. Differences between
the mean airspeed flown and the target speed do not seem related to the
target speed.

Deviations in airspeed (av) , pitch attitude (ce) , and throttle (O'N )
are very consistent with no apparent effects due to approach speed.
However, one test condition does stand out as peculiar -- 60 kt, transparency
in, o display out, 7,pp = -T.5 deg, and Pilot C. In this case the airspeed
and throttle deviations are unusually large. This same condition received

a surprisingly adverse pilot reaction as will be discussed below.

Overall the effects of approach speed in IIS tracking performance are
minimal. This indicates that the pilots could compensate for adverse’
conditions by working harder. While the effects on glide slope tracking,
airspeed deviations, and control activity (as measured by g and UNG) are
small, the pilots’ subjective opinions were sensitive to approach speed.

A 5 kt difference frequently resulted in significant changes in task
Aifficulty or pilot workload. While speed reductions generally resulted

in a neutral or adverse pilot reaction, this was not unmiversally true.

Some comparisons of different speeds made by pilots H and C are
sumarized below (7APP = =7.5 deg).

Test Conditions Pilot Comments
“ N .
Transparency in, o display out H 1. 60 and 65 kt cases are
‘ ' the same.

2. 55kt is significantly
' harder than 60 or 65 kt.

c 1. 55 kt harder than 65 kt.

_ 2. 60 kt harder than 55 kt.
Transparency out, a display out H 1. 60 kt harder than 55 kt.
Trensparency out, a display in C 1. 55 kt worse than 60 kt.

2. 55 kt much harder than 50 kt.

-

Note that in some cases (underlined in above comments) the pilots said
that & 5 kt speed reduction made the ILS tracking task easier. Further-
more, this opinion was not universal among the pilots. In the transparency
in case cited above, Pilot H considered 55 kt signficantly harder than

60 kt and Pilot C thought 55 kt was easier. The 60 kt case for Pilot C

TR 1014-3 57 o VOL. IT



is the one neoted above for its unusually large sirspeed and throtile
deviations. Neo explanation for his adverse comments or unusual performance
is available. In fact, the pilot/vehicle analyses of Appendix B and an
examination of the aircraft characteristics indicate that speed reductions

should always produce adverse effects.

2. Transparency

Table ITI-1 shows little effect of transparency in or out for similar
approach speeds. For glide slope tracking errors this is shown quite
clearly in Fig. ITI-3. Analytically there seems to be little reason to
expect much difference as the aircraft dynamics are quite simjilar traps-
parency in or out, see Appendix A. The major difference is the larger
thrust margin {lower trim thrust level) transparency out.

There were few pilot comments regarding the relative merit of trans-
parency in or out. However, Pilot C did comment that he thought transparency
out was more difficult. ' '

3. MAngle of Attack Display

Table III-1 and Fig. III-3 also indicate no significant performance
changes due to adding an o display. Significant pilot comments were:

® Cannot contrel V and o simmltaneocusly as the two frequently
gave conflicting indications, e.g. both too high

@ IIS tracking was easier when controliling V rather than o
® The o display was useful as an indicator of proximity to the
stall

® The o display was poorly located which made it difficult to
include in the normal scan pattern.

The lest comment ralses some doubts as to the validity of the test
results. However, it should be rémembered that the pilot/vehicle anslysis
clearly shows that o control is detrimental to flight path control. The
analysis of Appendix B shows that a can be used and airspeed ignored only
at the higher approach speeds where good flight path control is possible
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without airspeed regulation. Even then, the pilot must be careful not to
chase o (close a tight loop). At lower approach speeds, airspeed regulation
will improve the flight path control but a regulation degrades it.

4. Apprcach Angle

The limited amount of data for the steeper approaches (ZAPP = -0.,5)
does not indicate any significant effects. Neither do the pilot comments
or a campﬁrison of the aircraft characteristics at the two approach angles,
see Ap@endix A. Approach angle effects, if any, were limited to the flare
and landing task. .

B. 1975 RESULTS

Pilot/aircraft performance was analyzed using the same metrics employed
for the 1972 simulation. These are summarized in Table III-2 and the glide
slope deviations are also plotted in Fig. III-4. These data show some
performance improvements relastive to the‘l972‘results. Glide slope and
pltch attitude deviations are generalily somewhat smaller and the mean air-
speed is closer to the target approach speed. However, with the possible
exception of glide slope deviations, the performance data are not useful
in evaluating the effects of the experimental parameters. The main criteria
for separating the acceptable and unaecceptable conditions are the subjective
evalvuations of the pilot. The remainder of this section will thérefore
concentrate on reviewing the pilot comments and ratings relative to the IIS

trecking task.
l. Effects of Approach Speed, Transparency In

Pilot ratings for 3 approach speeds are shown in Fig. ITI-5. Both
pilots considered 65 kt to be a clearly acceptable approach speedﬁ The
task under calm air conditions was satisfactory for day-to-déy cperations.,
Under the adverse conditions (turbulence plus 200 ft ceiling) the task was
considered acceptable for the infreguent cases when such conditions would

be encountered.
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TABLE ITIT-2:

a. Glide Slope Deviations, d, /S(deg)

IS TRACKING DATA

TURBULENCE
APPROACH APPROACE | .o PIIOT
SPRED Q@ ¥ UG
(kt) TRANSPARENCY | DISPLAY (deg) (fps) H G
55 IN OUT "705 L]--5 - .).{.8
60 N ouUT -7.5 4.5 32| .35
65 IN OUT -T-‘j !+l5 l36 .35
55 m DI "705 11-15 - .6.].[-
60 I IN ~T+5 L.5 ——— | ———
65 IN IN ~7.5 4.5 —— | ---
55 QUT ouT -T.5 4.5 o— | ==
60 oUT OUT -T.5 4.5 19| .39
65 ouT ouUT “Te5 4,5 .36 | W43
55 O[]T IN "705 14--5 - — -
60 OUT IN ~TeB 4.5 S| W37
65 out N =745 4.5 N
55 IN OUT -7.5 0.0 ———| .23
€0 N OUT -T.5 0.0 05 | =mm
65 IN QUT 7.5 0.0 JAr} .10
55 N N -T.5 0.0 -—-1 .18
60 IN ™ -T.5 0.0 | -
65 IN o Z7.5 0.0 I
25 ouT OuT =75 0.0 IS (VI
60 oUT OUT -T.5 0.0 A7 .15
65 OUT OUT -7.5 0.0 07| .08
55 OUT N -T.5 0.0 | m—
60 oUT IN -T.5 0.0 051 .27
65 OUT IN =75 0.0 ———| -
Note: Pitch and Yaw SAS On
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TABLE ITI-2:

Continued

b. Mean Airspeed, V{kt)

TURBULENCE
APPROACH APPROACH| o PILOT
SPEED e/ ¥ %
(kt) | TRANSPARENCY | DISPIAY (deg) {fps) H G
55 IN oUT ~Te5 4.5 —=n=| 55,0
€0 N OUT -7.5 k.5 59,5 60.4
65 IN ouT -7.5 L.5 65.3] 65.6
55 IN iny -7.5 b5 -——-| 56.7
60 Iy IN -7.5 4.5 cmme] mem-
65 m Iy -7.5 b5 amem| o
55 oUT OUT 7.5 k.5 S [
60 ouT ouT -7.5 4.5 59.4) 61.5
65 oUT ouT ~Te5 h.5 64.7] 66.0
55 ouT ™ ~7.5 4.5 cmme]| s
60 oUT IV =75 4,5 58.6{ 60.9
65 OUT i1 =745 4.5 | ———
55 N OuT ~7.5 0.0 ————] 54,2
60 m QUT =T.5 0.0 59.2| —-en
65 IN . OUT =75 0.0 64.0| 62.8
55 IN IN -T7.5 0.0 -~==] 5k.0
60 IN N ~T.5 0.0 SRR [
65 IN IN -7.5 0.0 RIS,
o5 QuUT ouT “Te5 0.0 S .
60 oUT ouT “T.5 0.0 59.3| 61.0
65 OUT ouT =75 0.0 64.0| 6h.k
55 ouT ™ 7.5 0.0 N
60 OUT i -7.5 0.0 59.2| 60.1
65 QUT IN -T7.5 0.0 S
Note: Pit.ch and Yaw SAS On '
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TARIE ITI-2: Continued

c. Airspeed Deviations, o {xt)

TURBULENCE

APPROACH APPROACH | ¢ PLLOT

SPEED @ ¥ Y

(kt) | TRANSPARENCY | DISPIAY | (deg) (fps) H G
55 N ouT 7.5 ko5 ceme| 1.90
60 IN OUT -7.5 b5 1.68] 2.05
65 IN ouT -7.5 h.5 2.07| 2.351
25 IN IN ~Te5 4.5 -——=] 2,143
60 N ™ -7.5 45 ] m—a
€5 IN I -7.5 4.5 ——t
55 QUT oUT =T.5 b5 o cm—a
60 QUT ouT =7.5 k.5 1.59! 1.88
65 OUT ouT -7.5 h.5 1.67| 1.91
55 OUT ) 7.5 k.5 SV
€0 OUT N =Te5 b5 1.85) 1.89
65 OUT IN =75 k.5 | -
55 IN ouT -7.5 0.0 —aan| 1.25
60 IN ouT =75 0.0 o7 | —
65 N QUT =T+5 0.0 1.10] .9L
55 IN N =T7.5 0.0 ———={ 1.1
60 N IN -7.5 0.0 |
65 IN IN -7.5 0.0 T
55 oUT OUT =75 0.0 ———] ———
60 ouUT ouT =75 0.0 1.12{ 1.08
65 ouT ouT -Te5 0.0 87 .88
55 ouT N -7.5 0.0 S R
60 OUT IN =75 0.0 88 .81
65 ouUT IN -7.5 0.0 SR SO

Note: Pitch and Yaw SAS Cn
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TABIE ITI-2: Continued

d. Piteh Deviations, % (deg)

TURBULENCE
APPROACH APPROACH a FLLOT
SPEED ‘ a 7 G
{kt) TRANSPARENCY | DISPLAY { (deg) (fps) H G
55 N QUT 7.5 k.5 ——— .T1
60 N oUT ~Te5 k.5 531 .55
65 IN ouT =75 k.5 b2 .71
55 N IN 7.5 b5 | .79
&0 IN IN ~T+5 4.5 ——| —--
65 ial IN =T+5 4.5 | -
25 oUT OUT -7.5 4.5 e | e
60 OUT . OUT -T.5 b5 T30 W72
65 .OUT ouT -T.5 b5 T30 W10
55 - oUT IN -7.5 b5 N
60 oUT S| T 5 L.5 Lo .84
65 QUT oy ~-T+5 4.5 = | -
22 IN OUT ~Te5 0.0 ——- | W45
60 IN OUT -T+5 0.0 A5 ---
65 IN ouT ~T.5 0.0 29| .24
55 N v -7.5 0.0 S
60 | ™ -7.5 0.0 ——— | —--
65 IN IN 1 ".IT¢5 O‘-O . Pk o -
55 OUT QUT -T.5 0.0 e | e
60 ouT ouT =75 0.0 L4911 W64
65 oUT ouUT =T+5 0.0 20| .2h
55 our m 75 0.0 S B
60 OUT N -7.5 0.0 J0( .35
65 OUT v -7.5 0.0 ] -
Note: Pitch and Yaw SAS On
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TABLE III-2:

Concluded

e. Throttle Deviations, ay (% RPM)
G

TURBULENCE
APPROACH APPROACH | g PLLOT
SPEED o y U
{kt) TRANSPARENCY | DISPLAY {deg) (fps} H G
55 N oUT =75 b.5 ———e| 2,26
60 IN oUT -T+5 k.5 2.01| 2.15
65 IN ouT ~T+5 k.5 1.99( 1.91
55 IN N ~T.5 b5 amma | 2,71
60 k| IN -T<5 b5 m———| wma-
65 IN I ~7.5 4.5 ] ————
55 out QUT ~T5 4.5 mmem] wme-
60 ouT OUT «TeB 4.5 2.05] 3.17
65 QUT OUT ~T45 K5 2.62{ 3.19
55 OUT IN -7'5 !+o5 — o
60 ouUT IN ~T.5 4,5 2.20| 3.65
65 ouT TN <7.5 | ko5 | e
55 IN oUT ~T.5 0.0 -——=} 2.38
€0 IN ouUT =75 0.0 1.86] wea-
65 IN OUT 7.5 0.0 1.90f 1.77
55 I IN ~Te5 0.0 wwme| 1.91
60 I m =75 0.0 amma]| m——
65 IN IN ~7.5 0.0 |
55 OUT OUT "705 000 - - - ——
€0 QUT OUT “T.5 0.0 2.01] 2.35
65 ouT oUT “Te5 0.0 1.62] 1.75
55 oUT IN «Te5 0.0 cmae] e
60 OUT N -7.5 0.0 1.k0] 1.86
65 OUT IN -7.5 0.0 SN [
Note: Pitch and Yaw SAS On
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Pilot H considered glide slope tracking to be the same at 60 and 65 kt
and said it required a high workload. He considered 55 kt to be completely
uacceptable 80 his testing at that speed was aborted without getting
performance data. The problem was, downward fligh£ path corrections caused
him to get on the "bottom side"” of the v - V curves. Bottom side refers
to flight at angles of attack above ‘that for maximum CL. The ¥ - V curves
(Fig. A-2) show 2 possible values of y for a given speed and power setting.
The lower value of ¥ is on the bottom side.

Pilot G considered 60 kt slightly worse than 65 kt, 1/2 rating point.
His ratings at 55 kt are not as severe as those of Pilot H but do reflect
an unacceptable situation. At 55 ki, Pilot G said the glide slope tracking
was very diffiecult and it was very hard to stabilize airspeed---tended to
get fast. His glide slope tracking performance did show some deterioration,
‘see Fig. III-L.

The pilo£ compleints about difficulty in tracking the glide slope at
- 55 kt are confirmed by the pilot/vehicle snalyses of Appendix B. The
problem at slow speeds is mainly due to the low heave damping (Zw) which

in turn is due to low CL . The pilot can compensate for the low heave
o ~
damping by increasing his lead in the glide slope feedback but this increases

his workload, see Appendix B.

Based on the ratings of the two pilots, the minimum target approach
speed acceptable for airline operation would be very close to 60 kt. This
is surprisingly close to stally 60 kt is only 1.06 times the minimm
possible speed with approach power. Apparently the pilots were willing
to accept such small margins only because stall is not a catastrophic

event in this alrplane.

Furthermore, an increased speed margin might be required in actual
“airline operations to account for factors not included in the simulation.
These factors include more extreme atmospheric conditioné, such as a large
‘sharp_edged gust, and additional pilot distractions or workload, such as

radio commmications.

2., Effects of Approech Speed, Transparency Out

The two pilots evaluated the transparency out configuratioﬁ at two
approach speeds, 60 and 65 kt. Their ratings are shown in Fig. III-6.
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At 65 kt Pilot H thought the ILS tracking was virtuslly the same as
transparency in except for more sluggish power response. At 60 kt he
mentioned many problems with glide slope tracking and the tendency to get
on the bottom side of the y - V curve, He noted that his calm air rating
of 3 1/2 was subject to question and conld be degraded to 6 1/2 because
minor perturbations could put him on the bottom side of the y - V curve.

At 65 kt Pilot G thought that glide slope tracking was the hardest
task. Gross power changes were required and much of the time power was
at flight idle. At 60 kt glide slope tracking became very hard.

From the ratings and comments of these two pilots, the mlninnm spproach
speed acceptable for airline operation would be between 60 and 65 kt
although their glide slope tracking performance at 60 kt was still good,
see Fig. III-L4. This result is confirmed by the pilot/vehicle analyses
of Appendix B. This shows a slight improvement in glide slope tracking at
60 kt with transparency in. Thus ﬁhe mini mum acceptable speed for glide
slope tracking should be slightly higher for the transparency out configuration.

3. Effects of Angle of Attack Display

A brief experiment was conducted to determine if the presence of an
o display would reduce the minimum acceptable approach. speed. As shown
in Fig. ITI-4, the o display did not improve glide slope tracking.

For the 60 kt, transparency out case, Pilot H felt the o display was
heipful. It gave him more confidence in that he could avoid getting on
the bottom side of the y - V curve. In his opinion you could probably
operate the aircraft slightly slower with an o display.

Pilot G ignored the o display unless he got a steady red chevron.
He thought the o information might be very useful but needed to see more
to be sure. His ratings with the a display improved considerably, 2 _1/2
and 6 versus 4 and 7 1/2.

Pilot G alsoc evaluated the 55 kt, transiaa.rency in case using the o
display. He still found the glide slope tracking very difficult and
actually rated the situation worse than he did without the a display,

5 and 8 - 8 1/2 versus 4 1/2 and 6 1/2. An explanation for the rating

decrement in this case is not available.
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The main conclusion from this test is that an o display will not allow
significant (on the order of 5 kt) reductions in operational speeds. On
the other hand, the o display could improve safety by helping the pilot
avoid dangerously high o situations. Angle of attack as a flight refer-
ence also has the advantage of being independent of weight. However, as
demonstrated in the pilot/vehicle analyses of Appendix B, the pilots must
be carefully trained not to chase angle of attack. Tight control of
angle of attack will seriously degrade the glide slope tracking performance.
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SECTION IV

FLARE AND LANDING

A. 1972 TESTS
1. Test Conditions

Flare and lending was one part of the overall approach and landing
task. Therefore, the parameters that were varied for the IIS tracking
phase {transparency, approach speed, glide slope, winds, ete.) were also
parameter variations for flare and landing.

All landings in this series were made from a normal approach attitude.
A nose down touchdown attitude resulted in a probable bounce (just as in
the actual BR 941S), therefore the pilot was forced to flare to at least
level or slightly nose high. The touchdown attlitude was typlcally zero
to +2 deg.

The pilot was not given any specific instructions as to touchdowm
conditions other than to observe runway constraints and the touchdown
sink rate limit of the actual BR 9418 (-10.5 ft/sec).

2., Data Analysis

The two parameters which were considered most meaningful in describing
-la.nding conditions were touchdown sink rate, ETD’ and touchdown position
relative to the runway threshold, Xqp
first in landing-by-landing scatter plots of h‘I‘D versus KTD then as
cumuiative distributions of each., In this way the effects of speed,
winds, etc. can be separated. The distribution plots are relied upon °

These parameters are plotted

most heavily to show these effects.
3. Scatter Plots

Fig. IV-la through h show the degree of correlation in touchdown
conditions ﬁTD versus X, for the various configurations, winds, and
glide slope conditions flown. The correlstion is in general not signifie-
cant except possibly for the bad wind shear conditions which often resulted
in short, hard l_a.ndihgs.
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The scatter plots have a disturbing aspect in their inconsistency
in either ETD Or Xpe This is probably due i@'part to the lack of
specific instructions to the pilot as to desired landing conditions
(e.g., a target ﬁTD and xTD)’ as well as a lack of training directed at
landings specifically. As a result of these data, pains were taken to
correct these deficiencies in the 1973 tests.

L. Distribution Flots

Touchdown position and sink rate statistlcs are presented in cumilative
distribution plots rather than histograms. This makes it easier to deter-
mine the percentage of landings within specified boundaries. The cumulative
distribution is the fraction of landings at or below the value of kTD or
-ETD' For example, Fig. IV-2a shows that at 65 kt, 10% of the landings
were short of the runway threshold and 23 were more than 500 ft down the

rUnwey.

a. Speed Effects. Fig. IV-2a through c are the ﬁTD and X, distribu-
tion plots for the conditions with no bad wind shears. The effects of
veloeity are generally rather small for transparency in. For transparency

out, the highest speed (60 kt)} seems the best. The slower speeds result
in eithér long or harder landings. The trend to short, hard landings in
the case of bad wind shears is evident in Fig. IV-2d4 through f. However,
little effect on the approach speed can be detected.

b. Transparency Effects. Fig. IV-3a and b indicate that for conditions

with no bad wind shears, removing transparency results in a significant
change in Xppy and ﬁTD at 60 kt, but not at 55 kt. Removing transparency
at 60 kt results in a reduction of Xy by approximately 100 ft, an increase
from O to 11% in the number of runway undershoots and a 1 - 2 ft/sec’
reduction in ﬂTD' Considering the trade-off between landing softer but
with more short landings, there is no clear advantage to transparency in

or out.

Fig. IV-3c and 4 exhibit the tendencies found earlier for data gathered
in bad wind shear conditions, that is, the number of runway undershoots
and high sink rate landings both increased significantly. At 60 kt the
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wind shears also had the effect of minimizing, if not removing, the
differences in X and ETD due to the removal or inclusion of transparency.
At 55 kt the limited number of data points precludes drawing any firm

conclusions.

. Glide Slope Effects. Fig. IV-ba and b indicate the effect of
glide slope differences on xTD and ﬁTD with no bad wind shears. A%t 60 kt,
y = -7.5 deg gives much better dispersion results for Xy than does
¥y = -9.5 deg. Not only does y = -9.5 deg result in higher dispersion,
but 11% of the landings are undershoots. At 65 kt, y = -7.5 deg appears
to yield only slightly better control of Xppe For both speeds, the
variation of glide slope angle did not appear to affect ETD to a significant
extent, As expected, the inclusion of bad wind shears (Fig. IV-l4c and a)
increased the number of landing undershoots and high sink rate landings,
but did not produce any significant effects due to glide sldpe angle.

B. 1973 TESTS

4

E 1. Test Cénditions
The April/May 1975 test conditions and procedures were the same as
those used in 1972 with the following exceptions: |
e Addition of longitudinal and lateral/directional SAS
® Addition of visual gliae slope indicator .
® Improved wisual display optics

® Pilots were instructed to try to land in the touchdown
zone (x = 300 to 500 ft) with moderate sink rates (about
5 ft/sec)

® Approach attitude was always -5 deg (except for a special
series of attitude variation tests)

® Pilots were given extensive training directed specifically
to landings. '

In addition to the landings made in conjunction with the normal approach
task a short series of tests were run to investigate the effect of

approach pitch attitude and propulsion lags.
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¢+ Maln 'Test Results

In general, the results of flarec and landing tests are broken down in
terms of wind and turbulence, configuration (transparency, approach speed),
and pilot. Scatter plots of ETD Versus Xp, are shown in Figs. IV-5 and
IV-6. ¥Fig. IV-5 shows results obtained in calm air. Each pilot was
highly consistent at 65 kt and less so as approach speed was reduced.
Alsc the magnitude of the sink rate degraded with decreasing speed. The
effect of transparency appeared small although one pilot (Hardy) seemed

to have a tendency to float farther (about 200 ft) with transparency in.

The effects of winds and burbulence are shown in Pig. IV-6a and b.
Regardless of configuration or pilot the touchdown dispersion (bqth ﬁTD
and XTD) is increased significantly over calm air conditions. For example,
the case of transparency out at 60 kt yields the following ranges for

68% of the respective test points for calm air versus turbulence:

-ETD (£t/sec) X (££)

Calm air L.l + .k 360 + 110

Turbulence and winds 5.1 + 2.8 600 + 235
The effect of the various kinds of mean winds, i.e., cross winds, tail-
winds, shears, etc., was not distinguishable. Therefore all are lumped
together in Figs. IV-6 and IV-7. The lack of a noticeable effect of the
wind shears represents a significant change from the 1972 tests. With
the simulation improvements the pilots were apparently able to detect

and compensate for the shears.

The distribution plots, Fig. IV-7, show better the effects of con-
flguratlon. In general, the pilots! performance in terms of hTD and X
was about the same regardiess of VAPP except ﬁbr 55 kt., Here the touch-
down sink rate increased noticeably (by about 1.5 ft/sec). Transparency
seems mainly to affect the high end of the distributions. There are
more very hard or very long landings with transparency out.

Pilot comments and ratings correlate well with touchdown sink rate.
The pilot ratings given by Hardy (from Appendix D) are tabulated below:
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Fig. IV-8 shows these ratings plotted agalnst the median touchdown sink
rate obtalned by both pilots.

The comments of both pilots and the ratings given by Hardy* agree
well. Both pilots describe having to cope with varying power to aid in
the flare. In general this consisted of a power addition with more
power required at the lower speeds. Gough commented on the problem of
adding precisely the right amount of power at the lower approach speeds.
At 55 kt with transparency in he stated that it was a delicate mix of
attitude and throttle increments. At 55 kt without transparency he noted
that he added power at the same rate as attitude. In all cases, turbulence

significantly worsened the task.

The interpretation of the lénding'performance data and pilot commentary
was alded by the flare analysis of Appendix C. The calm air touchdown
performance of Fig. IV-5 is fairly well duplicated in the computer
solutions of Fig. C-3 for the nominal flare maneuver. Also shown is the
trend of trading h’I‘D for increased XTD at the higher speeds and no change
in *p) at lower speeds.

The flare analysis explains the pilots' need to add power at the lower
speeds. The flare program was used to search for the best obtainable ETD
without a power change for each of the configurations tested. This is
plotted in Fig. IV-9 versus the margin above Vmin (at the approach power
setting). The figure shows that landings at 5 ft/sec or less cannot be
made at 55 or 60 kt without adding power. Thus the pilot cannot make z

* Pilet Gough did not rate appreach and landing separately.
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satisfactory landing at these speeds, even in calm air, without adding
power. The power addition is essential at 55 kt. At 60 kt, transparency
in, the power addition is not critical as a sink rate of 5.6 ft/sec is
possible without it, but the power addition permits more desgirable sink

rates at touchdown.

Figure IV-9 also shows that the best hy, is well correlated with
speed margin. Whether the same relationship holds Eor other STOL con-

figurations is a matter for further investigation. |

The best ohtainable ETD without changing power alsco correlates well
with the pilot ratings (see Fig. IV-10). This suggests a flare criteria
might be based on the best obtainable ﬁTD without Qdding power even if the
pllots find it desirable to add a small amount of power in the flare.

!

3. Comparison with 1972 Results and Flight Data

Results obtained from the 1973 simulation genefally agreed well with
those obtained during flight tests in the actual airplane during July 1972.
Table C-1 gives flight test landing data. A distriﬁution plot of ﬁTD
for all landings made is included in Fig. IV-11l. These landings were
made in abtmospheric conditions falling somewhere be&ween the calm air
and turbulence conditions of the simulation. Thus,) Fig. IV-11 shows an
excellent agreement between the 1975 simulation and flight data. I% also
shows a significant difference between the 1972 and 1975 simulations. The
similation improvements made for the 19775 tests clearly improved landing
performance to the point that it was very close to éctual flight.

L., Variation of Approach Attitude

The effects of varying approach attitude were e%aluated by adjusting
the wing incidence of the model (see Section II, Part B, No. 2) while
maintaining a constant y,,., of -7.5 deg at 60 kt with transparency in.
Approach attitudes of -10, +2, and the nominal value of -5 deg, were
investigated and the results are depicted in Fig. IV-12a. The touchdown

sink rates and distances do not show an cbvious effect of approach attitude.
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The pilot comments are more revealing. The pilot (Hardy) felt that
the -10 deg approach attitude did not present a problem during flare.
The extra rotation required to bring the nose level was useful in ar-
resting the sink rate (as shown in Appendix C). There was no tendency
for the aircraft to float or balloon during flare, although he felt this
might be a problem at higher speeds. The -10 and -5 deg approach atti-
tudes were given a pilot rating of 3 in calm air and 5 1/2 in turbulent
air. The +2 deg approach‘attitude was more difficult. Power had to be
controlled carefully during the flare to keep the pitch attitude from
increasing too much. The pilot experimented with two flare techniques:
(1) using power only and (2) using low frequency (roughly .2 Hz) power
inputs combined with higher freguency (roughly .7 Hz) elevator inputs.
The combined technique (pilot rating was 4 in calm air, 6 1/2 in turbulent
air) was preferred to the power alone technlque which wag felt to be
unacceptabl¢ by the pilot. (Pilot rating was 5 in calm air, 7 1/2 in
turbulent air). Additionally, with an approach attitude of +2 deg the
runway was only visible near the bottom of the windshield, which the pilot
found disturbing.

5. Variation of Thrust Lags

The effective thrust lag (time to reach 6% of the thrust change after
a throttle input) was changed from the nominal value of 1.4 sec to 0.5 sec
by removing the lags in the engine gas generator model while retaining
the dynamics in the propeller/governor model. The results of the change
in thrust lag on touchdown performance are depicted in Fig. IV-12b for
an approach attitude of +2 deg.

Comparing Fig. IV-12a and b, it is clear that reducing the thrust
lags did not significantly affect the touchdown sink rate or distance.
The pilct felt that the reduced thrust lags were worth a rating improve-
ment of about 1/2 rating point.

6. Variation of Flare Technique

In an effort to investigate the +2 deg approach atiitude power control

problems, a series of landings were conducted with another pilot {Kennedy).
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- For these landings thrust lagé of i.h and ¢.5 sec were used. Fig. IV-13
depicts the results. In calm air with either thrust lag the pilot had
little difficulty in making consistent landings, commenting that he was
using his sink rate as a priﬁe indicator of how much power to use. He
felt this was a reasonable landing technique. It was felt that Kennedy's
experience in helicopters is the factor which predisposed him to accept
and utilize power as the primary control during the flare. In contrast,
Hardy, who has no helicopter experience, termed this control technique
unacceptable. |

In an attempt to resolve this conflict, Hardy was asked to re-evaluate
the power alone flaré technique. His final conclusion was that with the
shorter thrust lag, the power alone flare technique might be acceptable.
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SECTION V

GO-AROUND DATA
A. 1972 RESULTS

A pgo-around condition was simulated in 3 of the 10 runs of a landing
and approach test sequence. This was done by setting the ceiling below
the decision height of 200 ft. Of the 3 scheduled gé—arounds 1 was made
with all engines oﬁef&ting, 1 had an engine failure near the decision '
height and 1 had an engine failure at an altitude of L4LOO ft (whilé |
descending). The seqguence of 10 runs wes presented in a random order
so the pilots 4id not know if they would break out of the clouds or not.
Besides the planned go-arcunds there were a number of landings which
were aborted (pilot's decision) at lower altitudes because a poor landing
seemed likely.*

The go-around procedure was:

® Full power and flaps up to 70 deg (flap retraction was
done with thumb switch on throttle handle; flap rate was
7 deg/sec; if transparency was in, it was automatically
reduced from 12 to 5 deg when the flaps reached 93 deg)

® Stabilize at an airspeed of 60 kt

® (Gradually raise flaps to 45 deg and increase airspeed %o
70 kt

@ Continue straight ahead departure until reaching an altitude
of 1100 ft.

All the pllots considered the go-around maneuver quite easy to
accomplish. One hand motion sirmltaneously advanced the throttle and
raised the flaps to 70 deg. There were no problems with trim changes or

* Data for the unscheduled go-arounds are nct included here because of
the dlfflculty in determining when the pilot initiated the go-around
maneuver.

il
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1ift losses. After a positive rate-of-climb was established the flaps
were raised to 45 deg. The pilots had no difficulty with this last
mapeuver although it generally resulted in a momentary loss in rate-of-
¢limb, frequently to near zero.

Go-around performance was analyzed in terms of two parameters--minimum
altitude reached (hmin) and minimum plane penetrated (MPP). The MPP
was computed by defining a family of planes originating at a point 2100 ft
from the runway threshold (100 £t past the upwind end of a 2000 £t runway)
at incressing inclinations from the horizon. The value of the MPP was
defined by selecting the shallowest plane which was tangent to the
aircraft’s flight trajectory in the interval hmin <h < 1100 ft. The
computer calculated the MEP from:

1 h

MPFF = Min tan m

The geometry for this computer caleulation is shown in the sketch
below.

h = 1100 ft /

X = 2100 ft
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Plots of the minimum wheel height and MPP are given in Fig. V-1. To
brovide some reference for evaluating the go-around performance, Fig. V-1
also displays an idealized curve which assumes:

® Aircraft was on the glide slope at hmin

® At h , there was an instantaneous transition to a 45 deg

flap setting and 70 kt airspeed
® The trim y for this condition was maintained until the

end of the run, aliitude = 1100 ft.

The geometry for this idealized maneuver is shown in the sketch below.
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From the sketch it can be shown that the idealized MPF is given by:

1 1100
MPPI = tan
(1100 - hmin) cot 7p - h_,  cot (-7APP) - 1850
10.9 deg AFO
Where Yo =
7.3 deg OEI

Fig. V.1 indicates that for the conditions evaluated neither approach
speed nor the status of the angle of attack display had an appreciable
effect on the minimum height or the MPP values. The values which are
greater than their theoretical best were obtained when thé‘pilot was

- 8lgnificantly above the glide slope at the initiation of the go-around.
An examination of the equation for the theoretical best MPP for a given
hmin indicates that shallower glide slopes should yield greater MPP's.
Comparison of dats within Fig. V-1 indicate that this is indeed the case.
Also greater MPP valﬁes are-obtained at a given hmin for go-arounds
initiated with transparency in than those initiated with transparency out
(Fig. V-1, a and b): The better performance for transparency in is due
to the faster thrust response available. In the initial application of
full power and retraction of flaps to 70 deg, the first 2 deg of flap
motion removes most of the transparency and produces a very'rapid thrust
increase as the pitéh of the outboard propellers is increased.

The data are shown as cumlative disfribution plots of hmin and MPP
in Fig. V-2. Here the increased go-around performance with transparency
in at 7 = -7.5 ig apparent, as is the decrease in performance when the
glide slope is steepened to -9.5 deg. The following analysis gives a
possible means of estimating the effect of varying glide slope angle

about & nominal value.

If we were to assume a step normal acceleration starting at go-

around initiation then an approximate expression for hmin would be:
2 y2
h, = n ¥ _'G/S
“min o 2g n,
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Then based on this the effect of alrspeed and glide slope angle

would be:
Ahuin  _  2avy | 2A%yg
By = Bpip v Ta/s

i.e., if the speed were varied from 60 kt to 65 kt, the altitude excursion
would be 16% beyond the nominal and if the glide slope were varied from
-7.5 deg to -9.5 deg, the altitude excurgion would be 5% beyond the

nominal.

This approximate relaﬁionship seems to correspond well to the glide
slope angle variation shown in Fig. V-2. For transparency in at 7G/S =
~7.5 deg the median h0 - hmin is 3k ft. Using the above expression we
would expect an increase of 53% or b - h., =52ft. The actual median
value for -9.5 deg is 57 ft.

Perhaps the most significant aspect of the go-around data shown in Fig. V-2
is the low altitudes which were frequently reached OEI. Roughly 20 - 30%
of the go-arounds resulted in minimum altitudes of 120 £t or less (de-
cision height was 200 f£t). Thus a decision height no less than 200 f%
seems indicated if ground contact is to be avoided.

<r

The MPP data are more favorable. For the -7.5 deg approaches, the
minimum MPP never got below T deg. This performance is largely due to
the geométry of the go-around situation. Go-around as initiated prior
to the runway threshold and the MPP starts 100 ft past the upwind end of
the rumway. Thus the pilot has roughly 3500 £t of range or 30 - 35 sec
of flight time from go-around initistion to the start of the MPP.

B. 1973 RESULTS

Verifying the 1972 go-around conclusions was not a primary objective
of the 19753 tests. Of the 19 go-arounds recorded in the 1973 testing,
only 6 were initiated at the decision height of 200 £t (because of low
ceiling) and can be compared with the 1972 data. Fig. V-3 presents
this data. The results are similar to the 1972 data and do not give

any reason for altering the conclusions already reached.
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SECTION VI

TAXKEOFF DATA

A. TEST CONDITIONS

A1l the takeoff tests were conducted during the October/November 1972
similation. A weight of 52,000 1b and a flap setting of 45 deg were used.
These conditions were selected so that the OEI climb gradient would be
only slightly greater than obstacle cf;arance plane proposed in Ref. 3
(15:1 slope or 4 deg). The basic idea was to evaluate a leading condition
near the maximum which might be expected in operation. This should
represent the most critical condition regarding takeoff performance.

B. TESTING

VMU
Tests to determine the minimum takeoff velocity (VMU) were conducted
by rotating the aircraft as soon as possible and measuring the distance
to lift-off (xLOF), the velocity at lift-off (VLOF),
35 £t height (x55), and the velocity at a 35 £t height (v55). The results,
Fig. VI-1, indicate that regardless of rotation speed, the aircraft will

the distance to a

1ift off at an airspeed of approximately 66 kt with a ground roll of
approximately 1000 ft.

C. OEI TAKEQFFS

Takeoffs with engine failures* occurring prior to rotatién were
conducted with Vp = 65 kt and vy = T4 kt. Examination of Fié. VI-2
indicates that a balanced field length of 1900 ft, with a v, of 65 kt,
is appropriate for this condition. This compares with a length of 1840 fit
given in Ref. 2 for V_ = 71 kt and V. = 80 kt. The data also indicate

R 2
that an engine failure occurring near O kt instead of 6% kt adds only

* Fallure occurred at an airspeed of VEC‘
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300 £t to x,_. Thus the penalty for selecting Vl = 0 would be quite

25

small.

Fig. VI-3 shows the effects of the engine failure on X1 oF? VLOF’ and
V55. It is apparent from this figure that an engine failure prior to
rotation does not affect the pilot's ability to reach V2 by 25 ft. It
is also clear that the variation of XinF and x35 with VEC are similar

in that varying V_. from 7.5 to 65 kt results in decreases of X R and

EC
of approximately 300 ft. Also, for each V.., X3 = ¥pop = 600 ft,

= 65 kt, almost 1/3 of the balanced field length is

*35
80 that at VEC = Vl

required for the aircraft to go from liftoff to a height of 35 ft.

D. ABUSES

The effect of 5 and 10 kt OEI early roftation and AEO maximum practical
rate abuses (VR =5, VR =10, and MPR respectively) were studied for nominal
rotation speeds* of 55, 60, 65, and 75 kt. For the VR -5 and VR -10
abuses the engine fallure occurred 5 kt prior to the nominal VR. The
results are presented in Fig. VI-L with AEO data as a baseline. Examina-
tion of Fig. VI-4 a and b indicates that V. oF and, V55 are not sensitive
to these abuses and confirms that for normal rotation rates, the minimum
AFO VIOF‘occurs at approximately 66 kt. With high rotation rates (MPR)
VLOF could go down to almost 63 kt. Note that at the lower rotation
speeds the sgpeed at 35 ft was always above Vg‘ This may be due to the
lag (1 sec time constant) in the indicated airspeed.

Fig. VI-L4e indicates that the OET Vp -5 and Vp -10 abuses generally
\F? while the AEOC MPR abuses slightly reduce x

increased x 7 relative

10! IO
to the AEO baseline case. As would be expected, the OEI VR -10 abuses
generally caused larger.increages in X; oF than did the VR -5 abuses;

For the CEX VR =5 and V_ -10 abuses, it is impossible to determine

R
precisely how much of the increase in X1op VoS due to the engine loss,

and how much was due to the early rotation.

* For a VR -5 abuse and a nominal rotation speed of 65 kt, the pilots

would rotate at 60 kt.
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72 - g ° R o
0 @ o &
70 - o) - —V,
0
68 o
————— VZ
66 - n 2 n 2 v 2 w 2
8 N E Q 1 1 E 8 P! E 8 E ;: &
Iq:ﬁ"fsl l'&':‘?f:f l«=>“':>“=zI %> > F
55 60 65 . 75

Figure VI-I, Continued
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Symbol Pilot Note:
@ K I FOF VR"5 Gnd VR-IO,

O C
o G
1600
o O
0 |
1400 R o
X LOF o8 . 6
(ft) O]
o 0
1200 ‘ © ﬁ X
L H O
o | X 0
A O
1000 k- g 0 !
&
O
c 1 | @ o 1 X o ! | x o | 1 @
W o o & i x o < w o x 4 w o o O
l:1:>v>21 Lq>>zl J<>>E] <« > > =
55 60 65 75
Nominal Vg (kt)
c. XoF
Figure VI-h, Continued
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Symbol Pilot Note:
© K I. For Vg-5 and Vg -I10,
A H Vg = Nominal Vg -5kt
O C
o G
o FAY
2200 |- ©
8 0
8 ©
FAN
6 o)
2000 |- 8 o ©
X35 0
(ft) O
©
{800
¢
1600 + i 0
@ A A
O ©
@)
3 A
1400 a
O".'CT’E o'?ugg 8'??5 o“."cT’n:
I::‘:"i‘z'i‘zl lﬁﬁ‘:‘-‘: l<t>‘3::"-':: x X FZ
55 60 65 75
Nominal Vg(kt)
d. Xzg
Figure VI-4, Concluded
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Data presented in Fig. VI-L4d indicate the same general trends in Xz

o

as in x The OEI VR -5 and V, ~10 abuses increase x35 relative to

the AEOIgzseline case, while theRMPR abuses reduce it. Again, it is
imposzible, to determine precisely how much of the increase in x55 for the
OEI VR -5 and VR =10 abuzes was duc to the enginc loss and how much was
due to the early rotation. The scatter of the data precludes the possi-
bility of precise numbers, but the MPR abuses decrease both o and x35
by approximately 10%, while
by as much as L5%.

-5 and VR -10 abuses increase x and x

K LOF 25

Interpolation of X 0F in Fig. VI-4c yields an AEQ liftoff distance of
approximately 1200 £t at a Vg of T1 kt, as opposed to the 1210 ft given
in Ref. 2. Similarly, interpolation of x55

to 35 ft of approximately 1700 ft at a VR of 71 kt, as opposed to the 157C ft

in Fig. VI-4d gives a distance
given in Ref, 2.

E. MINIMUM PLANE PENETRATED

‘The minimum.plane penetrated, MPP, was calculated for a 2000 £t runway
(i.e., plane starts at x = 2100 ft). The results are presented in Fig. VI-5.
Also presented are the theoretical MPP's based upon the average X1 0F and
trim y for each V2. The theoretical MPP assumes a climb at 7TRIM from
liftoff to an altitude of 1100 ft (end of run) and thus

1 1100
MPPp = ten T oo (2100
Ot Yippry - - x

IDF)

In examining the data of Fig. VI-5, the data for V2 = 67 kt and OEI
must be considered separately---that speed is the minimum possible with
OET and a slight speed increase significantly increases YrRIM® That is
the reason for the low value of the theoretical MPP and the good perfor-

mance relative to the theoreticsl limit.

For the other OEL data, we see that the measured MPP's were always

less than the theorefical values. Differences of 1 deg were not uncommon
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Symbol Pilot Notes:
© S I. Numbers in Parentheses
A H Indicate Number of Data Points
O C 2. Solid Symbols Denote
0 G No Turbulence
3. Data Covers Vg-5 and
67 50 4 g T
. === Indicates Theoretical
70 >5 Best MPP Based on vy
74 60 and Average X of
82 70 .
5. Indicates yrgu
6. Nomina! Turbulence = gug= 3 ft/sec
——— a
50 —
. :-—(21 -
46 |- &
©
MPP © o
(deq) O
0
42 O A O
') A
A
3.8 O--t2)
E 0
o
34
] ! ! | |
66 70 74 78 - 82
V, (kt)
a. ORI
Figure VI-5. Minimum Plane Penetrated
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Symbol Pilot Notes:

o K I. Solid Symbols Denote
No Turbulence

A H
O C 2. === Indicates Theoretical
) G Best MPP Based on Y TRIM
and Average x| gf
3. —lndicafes YIRIM
4. Nominal Turbulence = Oug® 3 ft/sec
96 |- T ——
a)
9.2 — [ |
MPP o
(deg) 8 e
]
88 o) A
A
o % 8
A .
84\ A :8
O
O]
76—
na l 1 b ]
.66 70 . 74 78 82
V, (kt)
b. AED

Figure VI-5, Concluded
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and a value of 1.4 deg was obtained. Furthermore, with one exception

the measured MPP's were less than the trim clinb angle, YTRIM

The AED data are of less concern from a safety standpoint bul are
presented in Fig. VI-Sb for comparison. For these cases there is more
separation between the theoretical MPP's and the 7TRIM‘S because of the
smaller X 's. With two exceptions, these two limiting values bracket

LOF
the measured MPP's.

F. PILOT COMMENTS

The takeoffs never presented a problem to the pilots. Even in the
worst abuse cases the aircraft was easy to handle. The aireraft would
‘not 1ift off before it had adequate flying speed. Even with OEI it was

easy to accelerate to V2 after an early rotaticon.

The conly difficulty encountered by any of the pilots was climbing
out at low alrspeed with OEL. One pilot 'crashed' while trying to climb
at 67 kt, OEI. He inadvertently got to an angle of attack above that

for CLmax. Not recognizing the situation, he pulled the nose up because
his airspeed was tco high. This just increased the speed further.

This pilot rated an OEI clirb at v, = 67 kt as impossible, marginal
at v, = 70 {pilot rating = 6), and easy to fly at v, = T4 kt (pilot
rating = 3.5). Obviously some margin between V2 and the minimm speed
is required. These results suggest a2 10% margin might be adequate.
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SECTION VIT

SUMMARY OF RESULTS

The following is a summary list of the findings of the 1972 and 1973

similation experiments reported in the preceding sections and the results

of the analyses contained in Appendices B and C.

A. ILS TRACKING

TR 1014-3

Pilot opinion of the ILS task was a more conservative
indicator than was actual tracking performance (RMS deviation

from the glide slope).

The glide slope tracking task increased in difficulty as

the approach speed was lowered.

The lowest target approach speed which was rated acceptable
for the simulated task was 60 kt transparency in and 60 - 65 ki

transparency out.

The 1limit approach speed was slightly higher for transparency

out, and this was reflected in the closed loop analysis as

‘ well as pilot oplinion.

In general, the relative pilot ratings for ILS tracking
corresponded to the results of the pilot/vehicle analyses.

The pilot lead required to obtain a good glide slope loop

closure increases as approach speed is reduced.

Glide slope tracking performance was not dependent on SAS

"~ although the SAS did reduce pilot workload.

At extremely low speeds a reverse d —»0, u ———I-8T
technique is required which i1s completely unacceptable

even though good tracking performance is attainable.

The effect of increasing glide slope angle over the nominal

7.5 deg was not significant to ILS task. .
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An angle of attack display will not allow a substantial
reduction in approach speed but could improve safety by

helping the pilot to avoid excessive angles of attack.

If an angle of attack display is used, pilots must be
trained not to track it tightly.

B. FLARE AND LANDING

TR 1014-3

Consistent, well controlled touchdowns can be made in the simu-

lator when the aircraft characteristics permit it.

For acceptable flare and landing characteristics, the
approach speed limit is approximately 60 kt with transparency
in and 60 - 65 kt with transparency out.

L

At the minimum acceptable approach speeds noted above, a slight
power addition just prior to the flare maneuver was required.
This open loop power addition was considered to be an acceptable
technique by the pilots.

Pllot acceptability correlated with the alrplane's potential

touchdown sink rate without the use of power.

The above airframe characteristic correlated with speed
margin above V, . (power fixed) for this particular model

and set of conditions.

For the limiting speeds noted above, the speed margins

are 6 - 15 percent.

Significant changes in ﬁTD performance occurred in cases

where pilot rating changed significantly (e.g., 55 kt).

Touchdown performance in the simulator compared. favorahly
with that obtained in flight with the actual airplane with

the same pilots.

A more nose-down approach attitude (-5 to -10 deg) did not
adversely affect the pilots, but with a nose-up approach
attitude (2 deg) the pilot had to add power to avoid losing
sight of the ruaway.
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® A thrust lag reduction from 1.4 to 0.5 sec did not signifi-
cantly affect landing performance but improved pilot ratings
by 1/2 point.

® Tlare using power alone {or as the primary control) may be
an acceptable technique but pilot acceptance will be strongly
influenced by his flight background.

® Tn this particular model, the 1imit speed for ILS tracking
was also the limit for flare and landing.

C. GO-ARQUND

® A configuration change such as used on this alrplane is

reasonable for go-around situations.

® During asignificant number of go-arounds the minimum
altitude was 80 to 100 ft below the decision height.

® Altitude loss following go-around initiation was far more
sensitive to the 2 deg increased glide slope than to the

approach speed variation.

® A significant degradation in go-around performance with
transparency out was noted and attribtuted to the longer
thrust bulldup time relative fto that with transparencykin.

s

D. TAKEOFF

® For a balanced field, the decision speed, Vl’ was very close
to the rotation speed, VR.

® The takeoff performance was quite insensitive to Vl; the
distance to an altitude of 35 ft increased only 300 ft

(1900 - 2200 ft) in going from Vv, = Vp = 65 kt to V 0.

1 17

® Theé aircraft was very forgiving of the takeoff abuses in that
early rotations did not result in dangerous situations -- the
sircraft would not 1ift off until it reached adequate flying
speed. This characteristic would allow reduction or elimination

of the required margins between VLOF and VMU'
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® Although early rotations and engine failures did not cause

TR 1014=3

pilot contrel problems, they did greatly increase fakeoff
distances {by as much as 45%); therefore in setting takeoff
performance standards, early rotation abuses with engine

failures must be considered.

Climb performance of 1.4 deg less than the theoretical value
was measured; these data provide an indication of the margins
which mist be provided between demonstrated c¢limb performance

and actual obstacle clearance plsnes.

A margin between V,, and the minimum speed on the order of

2
10% was necessary.
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AFPENDIX A

SIMULATION MODEL CHARACTERISTICS

This Appendix contains general information describing the simulator
model used in both the 1972 and 1973 simulation periods. A complete
description of the model is given in Volume ITI of this report.

Table A~1 lists longitudinal dimensional stability derivatives for
each of the approach configurations evaluated. These derivatives are
taken with respect to the body-fixed st&bility axis systenm.

Table A-2 gives longlitudinal transfer functions for elevator and
throttle control. The engine response is not included. Throttle transfer
functions can be made to include engine lags by adding the following
transfer function:

) e-.53

Gc 98 + 1

For example the transfer function for rate of elimb due to throttle in-
cluding lags would he:

h
. Ny (s)
h _ NG -.58
NG As) .9s + 1

Fig. A-1 shows small perturbation dynamic responses obtained on the
similator. The simmlation included a pitch stabilization system similar
to that a pilot would provide and similar to the Pitch SAS used in the
1973 tests. Fig. A-1 includes flight vath, speed, and angle of attack
responses to the following inputs:

® 3% step in N.

c
® 3 deg step in attitude

® -5 kt/100 £t wind shear
In this figure 95/12 means 95 deg flap and 12 deg transparency, 95/0 means

95 deg flap and zero transparency.
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2. (1/sec)

TABLE A-1

BR 9415
LONGITUDINAL STABILITY DERIVATIVES
APPROACH CONFIGURATIONS
45000 1bs at .27%; 95 deg flaps

TRIM CONDITION l

12 1z 12 . ZERO ZERQ ZERO

-7.5  =T.5 -7.5 -7.5 “T.5 -7.5
55 60 65 50 55 60

-4.6 -8.7 -11.3 2.73 -1.32 =5.7

ok.7 93,2 92,5 93.4 89.4 86.0

DIMERSIORAL DERIVATIVES
(Stability Axis)

N 1 1 -.128 -.118 -.098 -.109  -.116
«B16 =36k .33 416 -.408 .09
.165 092 .02k .219 2192 162
-.211 -.i88 -.686 ~.106 =211 U377
2347 L3518 .20 382 3y .518

T9.0 80.5 80.5 90.3 86.1 81.6

.0019% 00187  .COLTH  .00%05 .00238 .00188
=.002%0 «.00367 -.00450 -.00260 -.00292 -.003L2
-.00281 -.00281 -.00281 -.00280 -.00280 -.00281
-.682  -.TuE 2807 -.620  -.682 -.7hbk

-.0125 -.0125 -.0125 -,Ql25 -.0125 -.0l25
-5.04 -3.32 -3.60 -2.77 -5.04 -3.32

-.972 -1.16 -1.36 -.803 ~.g72 -1.16
b5 «5.30 -6.22 -3.68 -4 .45 -5.30
168 .162 164 -.004 LOll 072

=861 «.952 979 -B11 -.852 486

3.3 3.5 2.6 3.5 3.9 k.2

143

ZERD
-T.5
65

-9.6
8h.6

-.119
-39
J129

-+057

294

76.9

L00159
-.00396
-.00281
-.807
-.0125

-3.60

-1.36
-6.22

095

-.410

L3

12 12
=-9.5 =-9.5
55 60
-3.0 -8.5
93.9 91.2
-6l -.1bT
SB35 3T
.182 L1117
-.053  -.393
347 .315
T79.3 80.3
J00176  LCOLT3
-.00208 -.0034L
-.00280 -.00281
S.682 -.7hh
-.0125  -.0125
-Bloll- '5-32
-.972 =116
b5 25,30
151 216
-.798 -.679
3.4 3.8
VoL. IT

12
=25
65

-11.7
0.2

80.3

.00162
- 00434
-.00281
-.807
-.0125

-3.60

=1.3%
-6.22
114

-.667

" 5.9



TABLE A-2

' BR 9418 - LONGITUDINAL TRANSFER FUNCTIONS
(Approach Configuration )

LTRIM CONDITION J

T (deg) 12 , h =) 12 ZERO ZERO
7, (d=e) =T ~T.5 -T.5 7.5 7.5
Vo (kt) 55 60 €5 bt} 55
Q
a {.a4;.3510.9m;.62]  [.13%.21}[.90;.86] {.13;.29)[.90;1.02)  [.06;.%0)(.97;.52] [.10;.36][.92;.64)

l ELEVATOR NUMERATORS ]

-.96[ .555.,31] -1.ik[.97;.31) _-1.31;(.15)(-65)" L=+750.30; .32] - .96 .4B; . 32]

nge

Nge 15.7(.35) 25.7(.65) 39.2(.72) 10.3(.16) 13.3{.40)
n;e -92.[.24;.38] ~119.[.24;.34] -152.[.24; . 3] -69.0.17; .4o] -92..19;.38]
Nge Bebl=u3)(-1.3){2.4) 5.2(«.02)(-2.7)(3.7) 6:1(.01)(-3.5)_(3,T)l 3.60(1.8)[-.63;.8] b.4(-.26)(11.3)(2.4)
_N.ge bob(-.b8)(-1.2)(2.3) 5.2(-.07)(-2.6)(3.6) 6.1(-.05)(=3.4)(k.k) 3.63(1.6)[-.53;.85]  4.4(-.37)(-1.1)(2.3}
N;G 0024(.20)(1.15)  .0026(.A7)(1.84)  .0027(.20)(1.68) .0023(«.13)(1.2)  .0018(~.007)(L.2)
“G -168(-.89)[.91;.661  .162(-.690[.85;.98)  .163(-.53)[.87;1.25] -.0038(46.)[.83; .62] .ouk({-2.8)[.84;.69]
"G - 85(.85)] .10; -27)  -.54(.89)[.095; .26] --9.7(-931['-1_1; 247 -.80( -79)_[-.11; 351 -.64(.83)[-.02;.30]
ul‘;‘G -82(.74)[ .60;.37] .91(.68)[.59; .486) «93(.63)[.61; .53] 80( 6l }[.50; .30} .65(.6&}[.62;‘.37}

=

83(.73)[.63;.35) «94(.65)[.65; .bi] -97(.56)[ .69; .53] -80(.63){ .51; . 31] BU(.63)[.66;.35]

[ ELEVATOR-THROTTLE COUPLING NUMERATORS l

% - 161{-.6}) " -.285(-.07) -.229(.52) 0030(46.5) - .042(2.65)
Nge;t; .83(.23) 1.09(.19) 1.31(.18) .64(.10) : J63(.14)
n‘geg,’c 16.7(-2.54) 20.8(-1.63) 26.4{-1.55} - 014 .25; .38] 5.0(-4.1)
Ngjq -.80(.25) =1,05(.20) -1.27(.17) . | -.64(.12) " -.61(.16)
NgeéG - T3(-4.3)(5.0) -+84(-5.8)(6.6) ~1.0(-6.9)(1.7) -014].013;25. ] -19(-6.7)(7.3)
E’I’EADY STATE PARTYAL DERIVATIVES _l

{%%]NG(EEQ) 91 28 .08 2.95 .82

(53], (558) -1.9 15 1.8 -5 .8

(521, (2o -6 1.6 -2.5 -2 -6
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T (Qeg)
7, (deg)

vy (&)

=1
o xR ﬂoos: o @

. ﬁaﬁ:-.

o i

Fhe o, e SH o;'m

ZERO
=7.5

[.12;.32][.90; .80]

L) -72.; .33]
17.8(.70)

-119.[.21; .38)

5.2(-.0b)(-2.3)(3.2)

5.2(-.09)(-2.2)(3,:2) 6.14(~.01)(-3.0){4.0)

.0024{.20)(1.40)

072(-1,08){ :83; .82]

-.48(,88}[ .08; .26]

L7(.64)[.69; .43]

48( .60 [ Thi 1]

Ng ;G -.082{-.73) -.127(-.018) = 2h5(- .52} =.132(-.27)
e )
Yo w -56(.18) 55(.21) T7(.24) -8(.21)
¢ G L. :
R‘; ;{G 9.4(-1.87) ' 15.1(-1.13) 14.9(-1.57) 14,8(-1,62)
€
W o -.55( .20) ~.53(,22) -.73(.28) ~.Th(.23}
e G
Iir: ;G = 37(-5.13(5.9) -.58(-5,0}{5.8) - -.66(-3.8)(k.5) -.80(~5.4)({6.2)
e
’iTEADY ETATE PARTIAL DERIVATIVES—,
21y (M Jab 03 oW L a6
[3119(‘1—;‘; -1.6 -b6. -1.5 Sk
] deg -1.0 -1.5 ~.05 -1.2
. -Ng' ::1 ] . Ng
Note: The fallowing identitles hold true z‘or} e d o _ el . yuh and Ll B
stability axis transfer functicns LJem(‘. sin Go 6E:NG 6eHL} U
Q
TR 101k-3 5 VoL.

6.09(.03)(-3.1)(k.0}

095(~ .54 )[Bk;.08]

TABLE A-2

"BR 9415 - LONGITUDINAL TRANSFER FUNCTIONG (Concluded)

{Approach Configuration)

.

rTRIM CONDITION

ZERC 12 12
=7.3 =93 -3
65 ' 5 : &0

DENOMINATOR

f.15;.301{.89; 957 (.3p(.73)[.15.37]  [.17;.32)(.91;.80]

rELEVA'.T.\’.)R NUMERATORS I

-1.34[.96; .34] -.96].34;.30] -1.14[.8k;.31)
23.9(.93) 13.8(.03) 23.4(.56} .
-ge.[.27;.40] -115,[.27:.35]

-152.[.22;, 34]
#.3(1.6)[-.55;.97] 5.2(-.03)(-2.4)(3.3)

4.4{1.4)[-.25;1.0]

|;Trm0rm: NUMERATORS

0012(.28)(1.57) .0022(.07)(1-0) 0019(. 17 (1. 4)

2151(-1.1}( -99;.56]) - .116(-.76)[.85;.90]

-.b1(.ob)(.18;.25]  -.79(.8)[.175.25)  -.67(.B8)[.15;.25]

+39(.66)[.68;.50] 7507630 -69; .34] E4(.69)[ .62; .45]

06000755 40) 190757053 L67(.65)[ .695.b3]

| ELEVATCR~-THROTTLE COUPLING N'UMERATORSJ

-9.5
65

-

{.17;.29](.89;.98]

«1.34(.17){.56)
36.8(.68)

«152.[.28; 321

6.1(.03)(~3.3)(4.2)

5.2{-.10)(-2.2)(3.2) 6.1{-.03)(-3.1)(%.1)

W0019(.21)(1.6)
4= 553 .86;1.2]
- 86(.92)[.17; .23]
-63(.65)[ .62; .53]

J66( .57)[ V715 .52]

-+153(.36)
+90( .20)
‘18.1‘_(-1.59)
- .86(.19)

- 60(-6.5)(7.4)

0T

2.8



FIG., A-1 -- TIME RESPONSES

a. FLIGHT PATH RESPONSE TO A +3% GAS GENERATOR RPM STEP
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" FIG. A-1 {Continued)

b. SPEED RESPONSE TO A +3% GAS GENERATOR RPM STEP
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FI¢, A-1 (Continued)

ANGLE OF ATTACK RESPONSE TO A +3% GAS GENERATOR RPM STEP
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FIG. A~1 (Continued)

d.  ALTITUDE RESPONSE TO A +3% GAS GENERATOR RPM STEP
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e. FLIGHT PATH RESPONSE TO A +3° ATTITUDE STEP
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FIG. A-1 (Continued)

f. SPEED RESPONSE TO A +_-3°.ATTITUDE STEP
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FIG. A~1 {Continued)

g. ANGLE OF ATTACK RESPONSE TO‘A +3° ATTITUDE STEP
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"FIG. A-1 {Continued)

h. FLIGHT PATH RESPONSE TO A -5KT/100FT SHEAR
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FIG. A-1 {Conecluded)

J+ ANGLE OF ATTACK RESPONSE TO A -5KT/100FT SHEAR
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Fig. A-2 describes the y - V performance envelopes for the configura-
tions used during the similations. These include:

FTAP | TRANSPARENCY | GROSS WEIGHT ' USE

L5 deg ZERO 52000 1b Takeoff

k5 deg ZERO 45000 1b Initial condition for
approach task

70 deg 5 deg 45000 1b Prior to glide slope
intercept

95 deg ZERO 45000 1b Approach

95 deg 12 deg ¥5000 1b Approsch
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a) Takeoff

Figure A-2, Performance Curves
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b) Initial Condition for Approach Task

Figure A-2, (Continued).
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Pigure A-2. (Continued)
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APPENDIX B
PILOT/VEHICLE ANALYSES

The cobjective of the following analyses is to describe the manual
path control characteristics of the various approach configurations
used in the simulator experiments. The effects of approach speed,
transparency in or out, and variations in piloting technique (involving

use of speed and angle of attack control) are explored.

In order to provide a bagis of comparison, certain ground rules
are established. First, an automatic attitude stabilization scheme is
assumed. This consists of an attitude command/attitude hold SAS*, This

provides a e/ec response over the range of speeds examined of;

e _ _Fx6.5
% [.7,31(6.5)

Fig. B-1 shows a step response Lo s/ec. Similar performance would be

expected if the pilot were manually stabilizing attitude.

In addition to use of an attitude SAS, the pilot model for glide
slope control is assumed to be a gain with lead compensation (Fig. B-2).
The gain is set to give a .3 rad/sec crossover freguency and the lead is
set at one second. These values are considered realistic for the task
being analyzed based on observed performance during the October/November 1972
test series.

The following variations in piloting technique (glide slope controlled
with throttle) were considered:

® No airspeed regulation
® Crossfeed of throtile to attitude to minimize speed variation

* The SAS used in the analyses is identical to that used in the 1973
simulations except for the feedback gain. A gain of -5 deg/deg was
used in the analyses and in the initial simulation checkout. Because
of pilot complaints of excessively rapid response the gain was lowered
to -2.5 deg/deg. The slight reduction in attitude response does not
affect the results of the analyses.
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Figure B~1. BSAS Attitude Response to Step Input
Pilot Engine Lag
, + ; | ) Ne, I.I[-.87,6.9] { No
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c- P ( To (I.1) [87,6.9]
d
Figure B-2, Pilot Model for Glide Slope Control
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® Closed locp control of airspeed
® Closed loop control of angle of attack

Each of' the above cases was analyzed using the linear stability derivatives

and transfer functions shown in Appendix A.

The loop closures for each approach conditlon and piloting technigue
are shown in subsequent figures. Each figure contains a system block
diagram, a Bode plot, a rooct locus, and a closed loop step time response.
This gives an overall view of the closed loop control problem for each

case.

1. Glide Slope Control Without Airspeed Regulation

Figs. B~3 through B-7 show the effects of decreasing approach speed,
first with transparency in then out. The 65 kt, transparency in case
(Fig. B-3) shows a well behaved case in that the closed loop flight path
oscillation is well damped. This is indicated by the short (4 sec) settling
time and the high frequency at which the controlled system would become
unstable (colao = 1.05 rad/sec) if the pilot gain were increased.

As the approach airspeed is reduced, thé closed loop response
becomes more oscillatory implying the need for increased pilot lead and
the ensuing increase in pilot workload. The change from 60 kt to 55 kt
is more dramatic than that between 65 kt and 60 kt.

The effect of transparency on glide slope control is fairly small
but apparent. Transparency out performance for the 60 kt case appears
to be somewhere between the 55 and 60 kt cases, transparency in. The
55 kt case, transparency out, is much worse than 55 kt, transpafency in,
because of poor dc gain in the closure. Overall, it seems that adding
transparency is roughly equivalent to adding 2 - 5.kt of airspeed.

2. Glide Slope Control With a Throttle-to-Attitude Crossfeed

This form of flight path control is the antithesis of the one above.
Where previously no airspeed regulation was exercised now we will examine
the case of near ideal constraint of airspeed. The 'ideal' crossfeed

used in this analysis is:
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BLOCK DIAGRAM
Pilot Airplane

¥

Kylh) |Sg 0741 24) [73:31] (641]-87,69] d
| (O)(,kﬂ(ﬁé)(.55)([.i}{.?;,/5/.0](541[,87,6,9J |

CLOSED_LOOP DENOMINATOR
A= .99,18][56,.45](106)[74,30]64)86,7.0]

STEP RESPONSE

CLOSURE

1O Crossover  3rad/sec

Gaoin  -14.16dB = .196% rpm /ft
ry Phase Margin 53.8deg

' Period of Oscillation 17sec
S Settling Time 4sec

wigo = [.05 rad /sec

0 ‘ i | | 1
0 5 10 t(sec) 1® 20
BODE
ROOT LOCUS . ™
-6 20 |
< Kg=-14.16dB
oD
2 oF
g
< O
< -100 - |
(s3] :
ke .
2 -180° -
& 200

I i | ]
Ol .2 ) 1.0
w{rod/sec)

Figure B-3. Glide Slope Loop Closure, No Airspeed Regwlation,
Transparency In, 65 kt
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BLOCK DIAGRAM
Pilot - Airplane
Nog | 104(87(.24) [72:30)(e5)[-87,69] | d

dc 2 Ky =25 |

b 0 57[89,.36](1.) [72,30](651[87,6.9]

CLOSED LOOP DENOMINATOR
A = Li7)I8) {43, 43](1.08)[.72,3.0](65)[86,70]

STEP RESPONSE

CLOSURE
Crossover .3rad/sec
IO Goin -16.2dB =.155% rpm/ft
—dg- | Phase Margin 54deg
¢ ) Period of Oscillation l16sec
b Settling Time S54sec .
wigo = O.8lrad/sec
N ! il 1
OO 5 | 20
t(sec)
BODE
ROOT LOCUS _
(14
16 T 20p \ Kg=-16.2d8
. [43])
4 g
Kg=155 - E or
’;)-‘s -100 —
x
d2 % -150 - o\
£ -180 -
T -200 o~
L | - | N [ {
b 4 9'5 Ol .2 5 1O

wlrad/sec)

Figure B-L, @lide Slope Loop Closure, No Airspeed Regulation,
Transparency In, 60 kt
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BLOCK DIAGRAM

———e

Piiot Airplane
de + ) Ne. | 945(177 (26) |.70:%0](667[-87,6.9] d
- ’ 1 (0)181]55,.32](1.1) [70,Z.9](687[87,6.9] e

CLOSED_LOOP DENOMINATOR
A = (12)(.20)[.24,.39](1.0[.70,30](66) [ .86,70]

STEP RESPONSE

CLOSURE

Crossover .3 rad/sec

Goin  -204dB=.095 %rpm/ft
Phase Margin 52 deg

Period of Oscillation 16.5 sec
Settling Time 10.5 sec

wgo= 0.65rad/sec

0 5 0 4 (sec) 15 20
BODE
ROOT LOCUS B ool \ Kg=-204dB
z _ |
©
2 10
a |
< -100
3
-2 @ {50
o !
L
& 200

— CeOE—K S N |
4 2 ol 2 5 10
w(rad/sec)

Figure B->. Glide Slope Loop Closure, No Airspeed Regulation, .
Transparency In, 55 kt
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BLOCK DIAGRAM

de

STEP RESPONSE

Pilot Airpiane
¥ Kg m ”Gg 53 (157(23)(65)[7273][-89,6.9] d N
- (0) (71 (1.N{6:51(.69,.35] [72:3] (89, 6.9]

CLOSED LOOP DENOMINATOR
A = (12)(19)(1.09)(6.5)[ 35,44 {72,3]|[86,7]

CLOSURE
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1O+ Gain .25 % rpm /ft
d Phase Margin 52 deg
de wgo = -82 rad/sec
S
0 1 1 | |
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. 3
w = 0k
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d ] I } I |
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o

w{rad/sec)

Figure B-6. Glide Slope Loop Closure, No Airspeed Regulation,
Transparency Out, 60 kt
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BLOCK DIAGRAM _
Pilot Airplane
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d\' 1 .
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CLOSED LOOP DENOMINATOR
A = (07)I9)(1LN(6.6) [25,.42][70,3][86,7]
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Figure B-7. Glide Slope Loop Closuré, No Airspeed Regulation,
Transparency Out, 55 kt '
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Engine NG
and N ) SRS [ /R S |
Gc lag
. ec + SAS
X > b———=>1u

The YX crossfeed does not exactly cancel speed perturbations because of the

lack of instantaneous attitude control (i.e. g— (s) £ 1) and engine lags
K c

(i.e. ﬁg—(s) #1). However the 'ideal' crossfeed is sufficiently good

G

e
to indicate how flight path control characteristics are changed by good

speed control. Also the form of the crossfeed tells us something about
the difficulty involved in using it. If the crossfeed differs signifi-
cantly from a simple gain then the pilot might find it too complicated

to use. This leads us to also consider a simplified crossfeed consisting
only of the de gain of ¥x. If the simplified crossfeed gives a result
similar to that of the ideal then we have an indication of how appropriate
a crossfeed technique would be for a given configuration.

Figs. B-8 through B-12 show glide slope loop closures for varying
approach speeds and transparency in and out. In general, the crossfeed
improves glide slope control and reduces the effects of airspeed and
transparency. With the crossfeed in, the effects of transparency are
very small. The crossfeed effects on glide slope control show up most
strongly in the neutral stability frequency, Wy qy e The crossfeed always

produces significant increase in this parameter.

The nature of the ideal crossfeeds used above ig shown in Fig. B-13.
The %—(t) regquired for a step throttle input is shown for each of the
G

approach configurations. In all cases an initial nose up attitude is
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BLOCK DIAGRAM

Y

Pilot Airplane
de + Kq(D) | 386012)(23)(.69) [-88 ,2-6](-4.5) (7)(4786) d
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CLOSED LOOP DENOMINATOR

STEP RESPONSE

O
d
d¢
Sk
o, | I |
0} 5 20
‘ t(sec)
ROOT LOCUS
-6 8 20
. [aB3
J 3 0
4 EL '
: < 0]
= -100
°
~2 @ -150
2
a -200

A = (13)018)[64,50](7)01.07)[75,30)(65)[.86,70]
CLOSURE

Crossover .3rad/sec

Gain -15.6dB = .166 % rpm/ft
Phase Margin  63.9 deg
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Figure B-8. Glide Slope Loop Closure, Ideal Crogsfeed,

Transparency In, 65 kt

TR-1014-~3

171

VOL. II



BLOCK DIAGRAM ‘
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Figure B-9. Glide Slope Loop Closure, Ideal Crossfeed,
Transparency In, 60 kt.
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BLOCK DIAGRAM
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Figure B-10, Glide Slope Loop Closure, Ideal Crossfeed, Transparency In,
55 kt
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BLOCK DIAGRAM
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Figure B-11. Glide Slope Loop Closure, Ideal Crossfeed, Transparency Out,
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BLOCK DIAGRAM
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Figure B-12. Glide Slope Loop Closure, Ideal Crossfeed, Transparency Out,
25 kt
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reguired for a power increase. However, depending upon the approach

speed, some or all of the initial attitude change must be taken out.

At 65 kt the crossfeed is nearly a simple gain, but at 55 kt the pilot

must initially pitch up then dowm. The latter is clearly a more difficult
piloting technique to use. The washed-out crossfeed (V = 60 kt, T = 12 deg)
i1s probvably at or beyond pilot capabilities. The crossfeeds requiring

attitude reversals are most likely unrealistic for a pilot to do.

Note that the crossfeeds for transparency out are more difficult than
Tor transparency in. Therefore the pilots should still prefer the trans-

parency in configuration.

Because of the complexity of most of the ideal crossfeeds, the use
of a simplified crossfeed was examined. The simplified crossfeed cases
shown in Figs. B-1hk through B-17 consist of a Y equal to the de gain of
the ideal crossfeed. The result is degraded closed loop glide slope
response (lower damping) than with the ideal crossfeed and becoming worse
with decreasing approach speed. Thus difficulty in generating the ideal

crossfeed is accompanied by the inadequacy of a simplified erossfeed.

3. Glide Slope Control in the Presence of Closed Loop Airspeed Control

The third control technigue to be analyzed is the use of a u-—-—4>0
feedback locp along with the d—-~4:~NG loop. This is perhaps the model
which most closely coincides with the technique actually used by the
pilots in this simulator experiment. The loop structure assumed in the
analysis consists of a speed feedback through attitude with a crossover
frequency of .5 rad/sec. A pure gain was assumed initially. However,
closed loop control of airspeed in each case did require pilot compensa-

tion. If a pure gain were used (Yﬁ = Ku) there would be insufficient
u .
dc gain in the feedback. This would show up as a closed loop u/uc step

response that had a steady state value of something less than unity. In
order to fix this the pilot must use integral feedback as well as proportional.
Therefore, the airspeed control block diagram would appear as;
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BLOCK DIAGRAM
Pilot Airplane
d 27(.25)(.18}(64)].7, 3.1}{-77,86.
¢ 4+ <, (0 127(.25)(.16)(64)[.7, 3.1}{-77,6.1] d

h (0)]89,.36](.15)(1.1)(6.5)(75,3][87,6.9]

CLOSED LOOP DENOMINATOR
A =(1.(65)[.998, 18] [42,43][72,3][86,6.9]

STEP RESPONSE

CLOSURE
Crossover .30rad/sec
1O~ J— Gain  -16.1dB =157 % rpm / ft
d Phase Margin 52 deg
de Wwigo ~ 89 rad/sec
Sk . Yy = .049deg/ % rpm
0 4 ] | ]
O 5
f(sec)15 20
BODE
ROOT LOCUS _
16 S 20 \
) @ —
Jw ERNT
E—
- :4 2 O .
& -I00 |-
L14]
=z
42 @ -150 | D\
S -180"— -
& -200 | -
A —Deh -*— | I l I
6 _ 4 2 ol .2 5 10

wl{rad/sec)

Figure B-1%, Glide Slope Loop Closure, Simplified Crossfeed,
Transparency In, &0 kt
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BLOCK DIAGRAM

de +

Pilot

Airplane
5.91(,91(40)(4)[-42,186])[82,5.3] d

K 447

(0) (&) (LM} (6.6) [.55,.32] [70,3][87,6.9]

STEP RESPONSE

CLOSED LOOP DENOMINATOR

= (1L1)(6.5)[.99,.20][16,.36][ 71, 3]{.87,6.97]
CLOSURE

Figure B-15.

TR-1014-3

: Crossover .30rad/sec
Lo . Gain 087 % rpm /ft
4 Phase Margin  32.5deg
de wlao 44 rad/sec

5 = -1.09deg/ % rpm
] | |
% 5 20
f(sec)
BODE
ROOT LOCUS %‘ '
-6 @ 20
©
. =
J = 10
Q.
/ g
4 < 0
'§ -100
=
—2 e -150
o
L
@ -200
I N '
6 X ? —X- 2 5 10 2
o

w{rad/sec)

Glide Slope Loop Closure, Simplified Crossfeed
Transparency In, 55 kt
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BLOCK DIAGRAM

de +

Pilot

Kq (1)

Airplane

1.8 (487(.28)(54)[-52,2.5][72,4.5] d
OV 7HL(6.5) [69,.35][72,3][ 89,6.9]

STEP RESPONSE

CLOSED LOOP DENOMINATOR
A = (1.1)(6.5)[99,.18] [ 27,.40] [72,3.1][86, 7]

CLOSURE

Crossover 3rad/sec

1O Gain 284 % rpm/ft

d Phase Maorgin 46 deg

dC wiao = 6 rad/sec
S Yy = -277deq/%
i l
00 15 20
t(sec)
BODE
ROOT LOCUS %
@
o
2
=
E
<
o
L)
=)
41
vy
o
L
o
1 ! Ouif _
6 & 4 2 - .2 5 10 2
w (rad/sec)
Figure B-16. Glide Slope Loop Closure, Simplified Crossfeed,

TR-1014~3

Transparency Out, 60 kt
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BLOCK DIAGRAM

Pilot Airplane
de 4+ k. L 6.25(.19)(:36)(3.5)[-46,1.5][84,5.8]
= ‘ (0)(18)(1.1)(6:6) [48,.33][7,3] [ 87,6.9]

CLOSED LOOP DENOMINATOR
A = (1.N(65)[.99,.19][ 082, 38][71,3.][86,7]

STEP RESPONSE

CLOSURE
Crossover _3rad/sec
Lo Gain  .120% rpm/ft
d Phase Margin 35 deg
de wigo= 43 deg/sec
51 Yy = -1.2deq/%
] 1 l i
0o ! 20
t{sec)
ROOT LOCUS ?g
46 o 20t
O
M p J
Jow = 10
o
£
4 < 0
& -100
T
42 @ 150
[w)
o
A 200
e ) * '
6 4 ,2' 2 5 10 2

w(rad/sec)

Figure B-17. Glide Slope Loop Closure, Simpiified Crosafeed,
Transparency Out, 55 kt
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K
by
+
ud—-~—~—ih- + p——0
kX __j
—————— PIu
1
KP
K 8 + % Lu
P b,
and K + K -s"= L L
pu PIu s

In all cases the value K .1 rad/sec was sufficient to

/K
PIu Pu

obtain adequate results.

Figs. B-18 through B-27 show the loop closures for each case including
both the ailrspeed and glide slope loops. Contrary to the previcus control
techniques, decreasing airspeed is not especlally significant to degrada-
tion of the glide slope control. Rather, glide slope control characteristics

are relatively constant with The use of transparency does have a

YAPP'
beneficial effect in terms of better dauwping. This is true in both 60 kt

and 55 kt cases.

Thus, as approach speed iz reduced good glide slope ceontrol becomes
more dependent on airspeed regulation. This raises the pilot workload
to maintain good glide slope tracking performance. Furthermore, the
transparency in configuration has better glide slope control with or
without airspeed regulation.
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BLOCK DIAGRAM

Pilot Airplane
e 4+ ) 6, 6.23 (.2)(.72)(-269) u
A Pu(0) (105)(.29)(.55)(1)(64)[75, 3] -

CLOSED LOOP DENOMINATOR
A = (099)(.182)(.76)(64) [.37, .69]]76,3.2]

CLOSURE

STEP RESPONSE

Crossover .5 rad/sec
Gain  -1.74deg/kt

Phase Margin  46deg
= [.O7rad/sec

Wigo

20

ROOT LOCUS

40

30

Amplitude (dB)

20
-250

-300

Phase (deg)

-350

I !
.2 .5 10 2

wlrad/sec)

Figure B-18. Airspeed Loop Closure, Transparency In,
65 kt
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BLOCK DIAGRAM
Pilot

de +

Kg (0 |55

Airplane

Nec | 107(.013)(.195)(64)[.35,.82][76,3.3])[-87,6.9] d

Y

(0)(.097)(.182)(76)(1.1)(6.5)[.37,.69]| 76,3.2]|.87,6.9)

STEP RESPONSE

CLOSED LOOP DENOMINATOR

A = (091)(.204)105)(6.5)[ 70, .56][35,59|[76,3.2][86,7]

. Goin

LO+- g
-5
de
SH
t l | l
00 15 20
t{sec)
ROOT LOCUS 'g'g‘
46 @ 20
w0
. s |
jw = 10
[«
E
-4 < 0
B -100
T
2 @ -150
D
-
Q@ -200
LA L }
—€ 3 > T
a
Figure B-19,
65 kt
TR-1014-3 184

CLOSURE

Crossover .Srad/sec

163 % rpm/ft
Phase Margin  55deg
Wao~ 749 rad /sec

(1
Yp, =-1.74 —
po =174 15
wy =.5rad/sec

deg/kt

2 Re) O 2
w (rad/sec)

Glide Slope Loop Closure, Transparency In,
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BLOCK DIAGRAM

Pilot Airplane
Yoy ok, W O _241(.2)(85)(-534) u
h o (15)(1)(6.5)[89;.36][72; 3] '

CLOSED LOOP DENOMINATOR
A = (088)(.186)(74)(6.5)[.33; 65][74,3.15]

STEP RESPONSE

CLOSURE
Crossover .5Srad/sec
1O Gain 020 rad/fps = -1.94 deg/kt
v Phase Morgin @ 45deg
te | | wsgo® 1.0l rad/sec
Sk
0 | 1 | d
0 15 20
t{sec)
ROOT LOCUS ’%‘
-6 @ 40
0
. pu |
Jw = 30
Q.
E
-4 << 20
D -250
2
-2 & -300
o
£
o -350

| ! |
%6 Va .?"s_ X 2 5 10 2

o
w (rad/sec)

Figure B-20. Airspeed Loop Closure, Transparency In, &0 4t
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BLOCK DIAGRAM
Pilot

de + Ky

Airplane

104(088)(195)(6.5)[43;77][74,3.2}{-86;69] |d

(0)(0875)(.186)(74)(1.1)(6.56)[33; 65][74;3 2][86,69]

Y

STEP RESPONSE

CLOSED LOOP DENOMINATOR

X = (.089)(.2)(1.06)(6.5){84;49][.23; 61][ 74,3.2]| 86,7

- Gain

10}
g
de
5k
! 1 | l
OO IC } 20
t{sec)
b o
ROOT_LOCUS le z
O
u s }
\ o 2
a
E
44 =
=
L]
z
"'1-2 3
j= ]
E oy
Q.
*I f\. | - }
74 . X
Figure B-21.

TR-1014~3

CLOSURE

Crossover 30rad/sec

- 160 % rpm/ft
Phase Margin 60 deg

wigo = /4 rad/sec

Yp, = “log WL deg/kt

P (0)

we, = .9

BODE

.2 ) 1.0 2
w {rad/sec)

Glide Slope Loop Closure, Transparency In, 60 kt
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BLOCK DIAGRAM

Pilot - Airplane
Ue + « LD 6 | 43(20) (35) (-21.7)
u - ——
h (0) (.119) [.55,.32](1)[70,3.0] (6.6)

CLOSED LOOP DENOMINATOR

STEP RESPONSE A‘:LOG)L!S)L55M53,62]L72,10(66)
CLOSURE
1O Crossover - . Brad/sec
! Gain -32 dB =2.42 deg/ kt
U; Phase Margin 50 deg
S5+
0 i { 1 |
0 5 10 fsec) 15' 20
ROOT LOCUS ds D
) xZ
QO
=
R =
jw >
g
.4 E
‘o 00—
k] .
-2 @ -150 |-
O : o
£ -180 ———— —
@ 200 |-

0O X : ] |

- 4 > o 2 - 5 10
' w (rad/sec)

Figure B-22, Airspeed Loop Closures, Transparency In, 55 kt
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BLOCK DIAGRAM

- Pilot Airplane
de & . LNec | .945(08)201[52,.75] 174,3.)65)[-87.69] d
- ‘ | (0X.06)(19)55)[.33,.62](1.11)[72, 3 1](661,.87,6.9]

CLOSED LOOP DENOMINATOR
A = (085)(2)[ 77, 43][.19,60] (L1 [ 72, 3.1]66)[86,7]

STEP RESPONSE

CLOSURE
1.0 Crossover — .3rad/sec
g _ Gain - -17.dB =,14| %rpm /ft
d. Phase Margin~ 55 deg
‘ wian © 0.65 rad/sec
S _ (1) deg
You = 2:42 (51
0O | I ] |
[~y
0 5 0 4 (sec) 15 20
ROOT LOCUS 8ODE :
©) = J AL L =Y
-6 g =20 | -
\ S
ju £ 1o
g
<< 0 T
< -I00
8
© -150 -
e -180° -
& 200 |- N
e—o7_ l ! [ l
- 4 o) 2 5 10

w {rad/sec)
Figure B-23, Glide Slope Loop Closure, Transparency In, 55 kt

TR-1014-3 188 VOL. II



BLOCK DIAGRAM

Pilot | Airplane
Kk, LI} G 42.3 (2)(7)(-21) uo
o (17)(1(6.5)[69;.35][ 72, 3] i

CLOSED LOOP DENOMINATOR
K = (.078)(.19)(.83)(66) [.24 ;.60] [73; 3.I]
CLOSURE

Crossover .5rod/sec

Goin  -023rad/fps=-2.23deg/kt
Phase Margin 37.2 deg

wygo= BBrad/sec

5 2
t(sec). 0
BODE
ROOT LOCUS 'Sg
16 @ 40
pw
N jus )
jw . = 30+
(=1
£
-4 < 20+
:gj 250
4.2 e -300r~
[»)
i
Q@ 250+
| - | | I NG |
6 4 2 S 2 .5 10 2

w (rad/sec)
Figure B-24, Airspeed Loop Closure, Transparency Out, &0 &t
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BLOCK DIAGRAM
Pilot

dé + Kd {n

Airplone
c 53(.09).2)(6.5)[.53 ; 7][74 ; 3.2][-87;69] d

Y

(O).08)(.19)(.83)(1.1)(6.6)[.24; 6][73;3]] |87, 6.9]

STEP RESPONSE

CLOSED LOOP DENOMINATOR
A= (.091)(.21)(.31)(.60)(L06)(66) [.I0; 62][73 ;31| | 86, 7]

CLOSURE

Crossover .3rad/sec
.0 Gain  .332% rpm/ft
d Phase Margin 72 deg
de¢ ugo = frad/sec
D Y, * -2.23%deg/kt
we, = Drad/sec
0 ] 1 i ]
O 15 20
t(sec)
BODE
ROOT LOCUS Eg
© 16 2
' 2
jw =
: a
E
14 <
1 s
QO
e
-2 B
Q
[
[ a
* .A 1 1 * | | |
8 4 had 2 ‘ 2 5 10 2
o w (rad/sec)
Figure B-25. Glide Slope Loop Closure, Tfansparency Out, A0 it
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BLOCK DIAGRAM

Pilot Airplane
Ue + K, ¥ 50.1(.20)(40)(-15.8) U
h *(0) (19)(N(66)[48;.33][7;3] | g

CLOSED LOOP DENOMINATOR
N = (.062)(.19)(.64)(67)[26;.59]{71; 3]

STEP RESPONSE

CLOSURE
Crossover .Srad/sec
10 ‘ Gain -2.62 deg/kt
U ' Phase Margin 4lideg
Ue W~ 93 rad/sec
Sk '
') i i 1 |
0 5 15 . 20
t(sec)
: BODE

ROOT LOCUS %‘
46 ©
o
. 3
jw >
Q.
E
-4 <I
o
Q0
T
-2 -
=)
-
o

oV 2 e""*— 2 5 10 2

d ' w(rad/sec)

Figure B-24, Airspeed Loop Closure, Transparency Jut, 55 kt
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BLOCK DIAGRAM

Pilot Airplane
de + Nec 716(.093)(.2)(6.6)[58;64][72;3|[-87;69] | d
Ky (1 ]°S | _
h (0)(.08)(.19)(.64)(1.N(6.7)[.26;.59][71,3.1][87;6.9]

CLOSED_LOOP DENOMINATOR
A = (2.8 97;.35][12; 6] [71:3.1]{86,7]

STEP RESPONSE

CLOSURE
Crossover  .3rad/sec
10+ . Gain .224% rpm/ft
d - Phase Margin 67deg
de wg0 = 69 rad/sec
Sk -
,YPU =-262 ((_OI—% degq / kt
(.IJCUA: 5
0 | ! I |
0 10 ! 20
t{sec)}
BODE
ROOT LOCUS ?_ig
16 ®
3
0] jw <
=
&
44 <
| S
Q
>
+42 &
o
¥ =
a
6 4 - 2 .2 5 10 2

w(rad/sec)

Figare B-27. Glide Slope Loop Closure, Transparency Out, 55 kt
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4. @Glide Slope Control in the Presence of Closed Loop Angle of Attack
Control

The following analysis shows the effect of the pilot tracking angle
of attack* in place of airspeed. Only two cases are shown, but these

demonstrate the problems involved in tracking angle of attack.

Closure of the angle of attack loop for 65 kt is shown in Fig. B-28.
The essential characteristic of this ioop is that the angle of attack
zeros are lightly damped. Thus as the pilot tracks o tighter the flight
path mode becomes lightly damped and a PIO situation develops. In order
to suppress the oscillatory characteristic, lag compensation is added
by the pilot. 1In this case a lag was placed at 0.l rad/sec. As the Bode
plot in Fig. B-28 shows, the tight control of w, even with the lag com-
pensation, is not good. The pilot would have to reduce his @ crossover
to something less than 0.3 rad/sec and this would not contribute much

to the glide slope loop also being closed at about_O.B.

However, given an a loop closed as shown in Fig. B-28, the resulting
glide slope loop is shown in Fig. B-29. The root locus shows ug that
any closure of the glide slope loop reduces the already low damping and
a flight path PIO situation i1z umavoidable.

Reduction in approach speed is no different as shown in Figs. B-20
and B-31. Tight tracking of « again leads to a PI0 situation, and if
the o loop is closed loosely enough to avoid the oscillation then the
bandwidth is insufficient to do any good in tracking the glide slope.
However a low o crossover could be effective in keeping'it within generally

safe bounds.

* True angle of atbtack is used in this analysis. However, indicated

angle of attack as mechanized in this simulation has the same numerator

3}

characteristics. For example: Ngu = -2,6 [0.25, 0.34] while ¥ = -1.k
e e

= 0.7(0.18). Thus the
G

[0.24, 0.72] and N° %u = 1.3(0.18) while N

g o
aeNG aem

essential difference is only a scale factor.
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BLOCK DIAGRAM
Pilot Airplane

ac + Koo | 6 18.5 (.2)[.24;.32] a
h (N (105)(.29)(55)(64) |75 ; 3.0]

Y

CLOSED LOOP DENOMINATOR
A= (2)(66)[.24;.27][.25;16][8;39]

STEP RESPONSE

CLOSURE
Crossover |.Oraod/sec
10 Gain 145 deg/deg
a Phase Margin 63 deg
de wigo= 185 rad/sec
SH
0 1 | ] |
O 5 10 5 20
. 4 t(sec)
BODE
ROOT LOCUS ?_ioi
-6 ©
0
. =2
Jw x
=1
E
14 =

Phase (deg)

.2 5 1O 2
w{rad/sec)

Figure B-28. Angle of Attack Loop Closure, Transparency In, &9 it
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BLOCK DIAGRAM
Pilot

C

Airplane
107 (18)(.19)(6:6)[.14;1.3]|77,3.9]|[-87;6.9] d

‘L.;%_, Ky (1)

TloN2Nnee)[24;.27][25;1.6][8; 39|[87;6.9]

STEP RESPONSE

CLOSED LOOP DENOMINATOR

& =(06)(.2)1LN(686)[07;.32] [25;16][8; 3.9][87,7]
CLOSURE

Crossover 3rad/sec
. Goin  -254 dB=.054% rpm/ft

Phase Margin 24deg
w,30= .37rﬂd/5ec '

ROOT LOCUS %
16 re
o
. =3
Jw *=
-y
I
b <
JZ g
Q
s
—4.2 a
2 ~
L | \
| 1 2 * I | | |
6 - 4 ZGt : .2 5 10O 2
w{rad/sec)

Figure B-29. Glide Slope Loop Closure, Angle of Attack Loop Closed,

TR-1014-3

Trangparency In, 65 kt
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BLOCK DIAGRAM
Pilot Airplane
d 4 Kpg | e 17.8 (.2)[.24,.38] | a

Y

- (N (19)(2)(66)[.55;.32][70; 2.95]

CLOSED LOOP DENOMINATOR
K = (20)(6.7)[.19;.36][ 24 ;140] [ 78 ; 362]

STEP RESPONSE

CLOSURE
| Crossover |.Orad/sec
10+ ~ Gain .225 deg/deg
a Phase Margin 41 deg
ac wigo= 1.6rad/sec
S H
0 ] i ] |
0] IO | 20
t{sec)
BODE
ROOT LOCUS o
0
-6 @
e
. =3
jw >
-
£
14 <
\j K
[1})
X
42 @
0
i o
o
| t - | : ’
6 4 ,g! o 2 .5 1.0 2

| w(rad/sec}
Figure B=30, Angle of Attépk Loeop Closure, Transperency In, 55 kt
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BLOCK DIAGRAM
Pilot

Airplane

dc. +

¢ |.945(2n(.22)

[.19,1.3][76,37](67}[:87,69]

Y

Kq(l)

“HoeoNis, 36]0.[.24,1.4][78,36](671[87,6.9]

CLOSED LOOP DENOMINATOR

STEP RESPONSE

Ok~
d
de
5
| | 1 |
OO 5 10 15 20
t(sec)
ROOT_LOCUS _
| 6 5 20
. Q
J ERTe
4 £
£ & O
o -l00
Q
=
~.2 GUU)-‘ ".150
-
a -200
| ! : '
5 PR .
O.‘ -
Figure B-31,

A =(.06)(.20)[.07; 40](L1[.24,1.4] [78,3.6)(67)[86,6.9]

CLOSURE
Crossover 3rad/sec
Gain © -24.5dB=059% rpm/ft
Phase Margin 78 deg
Period of Oscillation 15.5sec
Settling Time  37.5sec

Wwgg = 048 rad/sec

BODE

-180" - \
I I i |
Q. 2 §el .0
w{rad/sec)

Glide Slope Loop Closure, Angle of Attack Loop Closed,

Transparency In, 55 kt
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The fundamental dynamic relationship which sets up the potential PIO
is the fact that Ng roots are always close to the phugoid mode. ({(To a
first order approxi%ation they are equal). Thus the flight path mode with
o *———4=-ec returns to the lightly damped phﬁgbid. Figure B-3P
gives a generic description of tight o contrel while trying to track

glide slope.

5. Summary of Pilot/Vehicle Analyses

The foregoing analyses were done in considerable detail for the sake
of completeness. The following will combine these results and emphasize

the important features.

The glide sleope control characteristics, given the various inner loop
structures, can be summarized by the simplified transfer fﬁnctions shown
in Table B-1. The high frequency gain includes the lumping of all high
frequency (> 1 rad/sec) roots. Further, this gain is in terms of throttle
movement (inches) thereby reducing confusion due to non-linear controller

and thrust characteristics.

A general indication of the bandwidih is provided by the damping of
the denominator roots in Table B-1. For example at 65 kt and transparency
in, the transfer function corresponding to nc airspeed regulation is
essentially a first order lag at 0.55 (the pole--zero combination at 0.29 and
0.2k effectively cancel). On the other hand, the case of closed-loop
angle of attack has a lightly damped pair of oscillatory roots and a low
frequency zero. BSimple sketches (Fig. B-33) of the respective root locus
blots reveal the relative problems in tracking glide slope.

A further overall comparison of the previcus pilot/vehicle analyses
is given in Fig. B-34. Here the gain and bandwidth characteristics are
summarized. These terms were used in the STOL flight path control
analysis reported in Ref. 4. Approximate levels are shown for minimum
gain and bandwidth (0.1 g/in and 0.35 rad/sec). This simulated aircraft
is marginal on both counts and especially at the lower approach speeds.
Note how pilot technique can affect the gain and bandwidth. In general
the bandwidth plot correlates to the oscillatory tendency exhibited in the

individual closed loop analyses. The exception is in the 55 kt angle of
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/ & Loop ( Pilot or SAS) 43

/’

Closed Loop Short
Period Set For Quick
Response

Well Damped Flight '/_
Path Modes After . _
£ Loop Closed Basic Phugoid
io 9 r: )
o é/(w v Uo £20
o

i/Tg-— W 1/T3 ==Xy .

Basic Short Period
/'

2 aLoop X5

Flight Path Modes
Driven Back Toward

Basic Phugoid @& Zero at Basic

\ /Phugoid Location

3. d Loop ( Glides/ope) 2

Flight Path Modes
Approach Unstable

Condition at a Low
G/S Bandwidth \

Figure B-3%2. Generic Description of Glide 5lope Control
While Tracking o« Tightly
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C=iTOT ¥lL

00z

“TOA

i1

TABLE Bl

GLIDE SLOPE TRANSFER FUNCTION SUMMARY

[ d/aT (f—i’g) for w < 1 rad/sec, engine lag excluded ]

T = 12° T =0
65kt 60kt 58kt 60kt 55kt
No airspeed regulation 4.1(0.24) 3.6(0.24) 3.3(0.26) 2.2(0.23) 2.8(0.13)
(0.29)(0.55) (0.89,0.36] {0.55,0.32] [0.69,0.35] [0.48,0.33]
Ideal N, —=>8 Crossfeed _L]:_(i_ﬁ_ﬁl_ 4.4(0.17 5‘1[0'6240'25] 2.2 _‘%i_.
“ (0.55)(0.72) [0.89,0.36] (0.35)[0.55,0.%2] (0.70) (0.140)
Simplified N o Crossfeed 5.1(0.69) 3.7(0.25) 2.7(0.40) 1.8(0.28) 2.5(0.;6}
G (0.55)(0.72) [0.89,0.36] [0.55,0.32] [0.69,0.35] [0.48,0.25]
Closed Loop Airspeed Control | 4,0[0.35,0.82] 3.6[0.43,0.77]) 3.1[0.52,0.75] 2.4[0.53,0.70] 2,7[0.283,0.6)]
(0.76)[0.37,0.69] (0.74)[0.33,0.65] (0.55)[0.33,0.62] | (0.83)[0.24,0.860] | (0.64}[0.26,0.59]
Closed Loop Angle of 2.5(0.18) 2.8(0.22)
Attack Control [0.24,0.27] [0.19,0.36]




No Arrspeed Regulation

Well Behaved
Closure Possible

- at £.3(rad/sec}

/-.5

t ]
= X0 %5

Engine Lag

With Angle of Attack Reguiation

Problem of P|O

1.0 5
Pigure B-3%. Sample Comparison of Simplified Transfer
Functions From Table B-1 ‘
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Transparency In -7.5deg Glideslope

——() No Speed Regulation -\ Closed Loop Speed Control
~ —{J Ideal Ng — & Crossfeed & a Feedback
~=-<> Simplified Crossfeed

Note: Ag is high frequency {w > Irad/sec) gain of
d/8twith appropriate crossfeeds or inner loops

whg is frequency at which ¢ =-135deg for d/31 with
appropriate crossfeeds or inner loops

2
ay [ glide Stope controt Gain
KB
(g/in)
L i
Low Gain
Region
O M | >
\ 50 60 70

Vappl ki)

Glide Slope Control/ Bandwidth

iz A

Low o il
“bg Bandwidth A
(rad/sec) Region (3 e \@

2k &

| l |
© J\( 50 60 70

Figure B-34., Glide Slope Tracking Gain and Bandwidth Varistion With
, Piloting Technique
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attack case where a relatively high . is shown yet the closed loop analysis
would indicate problems. d

A final pilot/vehicle analysis swmmary is provided in the following
1list of key points:

® Approach speed sensitive parameters have the most significant

effect on glide slope tracking

@ Degradation of glide slope tracking is characterized by a
phugeid-like oscillatory tendency

@ The pilot can compensate for reduced approach speed by

increasing his glide slope lead or airspeed regulation

® Ag approach speed is decreased both glide =lope bandwidth
and gain worsen but both are affected by piloting technique

® Tight tracking of angle of attack in lieu of airspeed results
in a PIO tendency

@ The pilot is capable of generating sufficient lead to control
the glide slope over the 60 to 6% kt range but the lead

required at lower speeds indicates high workload

® Transparency by itself has a slight positive effect on the
glide slope control problem

® The NG_————4=>8 crossfeed to constrain airspeed becomes very

difficult at the lower approach speeds

® A simplified (pure gain) crossfeed is of little benefit at

the lower approach speeds

® The primary aercdynamic factor ir limiting glide slope band-
width as approach speed is reduced is lower heave damping
(z,)

® Aerodynamic factors tending to set the BR 941 8 gpart from

conventional aircraft are

-- Low heave damping (ZW) coupled with high velocity
damping (Xu)
~= Nearly vertical thrust component
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® Transparency has the effect of

3¢
Increasing induced drag 362 by about 10%
L

-~ Decreasing lift by about 5% (at constant a, Té)
-- Decreasing 1ift/drag ratio by 3% (at constant «, Té)

-~ This results in higher power setting and lower angle of
attack.

TR 1014-3 204 VOoL. I



APPENDIX C

FLARE AND TOUCHDOWN ANATYSTS

In order to examine the flare and touchdown characteristics of the
airplane model used in these tests, a computer program was developed to
sclve for the flare trajectory for a given flare maneuver. This was
used to look at general trends due to variation in approach speed, con-
figuration, ground effect, and flare technigue. Some of the results
from this computer program are presented and related to performance in
both the simlator and flight test. Landing data from an FAA/NASA
flight test of the BR 9413 in France during July 1972 are included.

l. Nature of the Flare Maneuver

For this particular airplane, possibly due to the significant nose
down approach attitude (about -10 deg), the flare consisted of rotating
‘the nogse smoothly to a near level attitude. This is shown in both flight
test records (Fig. C-1) and simulator records (Fig. C-2). In both sets
of figures there is a fairly consistent relationship bétween the attitude
and altitude. In most cases the flare rotation beginé be%ween 20 and
4 ft above the surface and ends in a slightly nose up attitude. Un-
fortunately the flight test 8 vs h figures are incomplete for the time
Just prior to touchdown due to an apparent angle of attack effect on the
static port. However, the conditions at flare initiation and at touch-
down are reasonably certain. Based on these flare maneuvers the following

nominal flare maneuver was used in the computer solutions:

O o m (gt) e
‘\.\ L
. '\\
\.\\
\\
~
~
b
Y
Y
~
~
~
~
b
\'\
etrim.—- MNmmmme e

At a given altitude above the ground a constant %% begins and lasts wuntil

touchdown.
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7/1838

- 7/1834
:f— 9BIS /200 h {ft)
20 40 60 80 100 120
o) I E =T T l T
Pilot: Chubboy
-4 -
8
(deg)
-8 |- 7/1834
e 7/1838
] S~—981s/2000 7777777 Trim
-12 Altimeter
record invalid
in this region
i 8 /0840
8/08I19
10 BIS /0912 h(F1)
20 40 60 80 100 120
0 I ] ] ! f I
X 10BIS,0851
Pilot: Hardy
-4 |-
2]
- (degq) N \8/08I9
8 .
L . - —— _ . loBIS/085!
""k | 7277 Trim
12 L ioBis/o9i2 - 870840
e
Altimeter

record invalid
in this region

Figure (-1, Flare Maneuver (Flight Test)
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4+ .
Pilot: Chubloy Run hro
2 ' y =-7.5deg 71 -5ft/sec
Vapp = 60kts 66 -2ft/sec
T Out 18 -10ft/sec
*\~_¢n1:'"*'———--““-,-__‘k‘ Run I8
e T vim
w Run 66
| B | Run 71 |
60 80 100
h(ft)
4
Pilot: Hardy
2 .
Run hTD
0] 4 -10 ft/sec
0 2‘1 . : 5 -15 ft/sec
(deq) \ 10 -4 ft/sec

. ‘7\] AT
e \\\\\\\h__———
i = %0 €0 80 100

h(ft)

a, Transparency Out, €0 k&

Figure C-2, Flare Maneuver (Simulator)
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\ Pilot ! Chubboy
\ |

\ \ - Run hrp .
O \\ y=-75 I -Tft/sec
\ Vppp = 65kt 2 -S5ft/sec

(deg) . \\ T in S -lBft/sec
-4 = \ 10 -5ft/sec

O

Pilot: Hardy
O+ . Run F‘TD
2L \ 34 -5ft/sec
(dfg) N 5/ -6 ft/sec
-4 — \ 52 -5 ft/sec

w 55 -l2ft/sec
"6 — \ s

60
h(f1)

b. Transparency In, 65 kt

Figure C-2. (Concluded)
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2. Flare Parameter Variation

Using the flare maneuver described above a computer solution of
touchdown conditions was generated for 65 kt and 55 kt, transparency
in. The nominal conditions used were b, = 35 ft and A8 = 8 3deg.
These correspond closely to what was observed in the April/May 1973
tests where Btrim was set at -5 deg for all cases, In addition, the
nominel conditions included no throttle change. The flare Parameter

variations included:
@ TFlare attitude, Ao

® Flare altitude, hf

® Addition of power during flare,.ZSNG
® Altitude at which power was added.

The absolute values of ﬁTD and.XTD computed are not as important as the

general trends shown.

Fig. C-3 shows the computed time history of the nominal flare at
65 kt, transparency in. Fig. C-4 shows the relative ﬁTD and x,,. as the
Tlare maneuver 1s varied. The following features are revealed in these

plots:

©® At 65 kt reasonable landings can be made without adding

pcwef; at 55 kt a power addition is necessary.
® There is a flare attitude which gives a minimum ﬁTD‘

® The touchdown conditions for optimum flare attitude is
reasonably close to those of the nominal flare in both

cases.

® As with flare attitude there is an optimum flare altitude

and the same comments apply.

® Over a reasocnable range of flare attitudes and sltitudes
the touchdown conditions do not vary significantly for a

barticular configuration.

® The addition of power adds significantly more potential

for breaking sink rate.
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-1 -5 8 (deg)
- ~10
Figre Initiation
| w
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T T T 0
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I I |.O
1 | T 0
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Figure C-3, Time History of Nominal Flare at - kty; T In
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-’:‘TD (ft/sec)
o
i

65 kt

Tin

¥y =-T.5deg

Power = 92,5 % Ng
Ground Effect In

Flare Attitude

Nominal Condition
A8 = 8 deg
hy = 35 ft
No Throttle Change

Flare Altitude

- hy=20 ft
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" 50t

'HTD (ffISEC)
a3
|

41— AG:Sdeg 4~ 40
- 10 13 B
2r iz 2=
L J 1 ! i 1 0 1 ] ] | I |
0 200 400 &00 0 200 400 600
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@ L [ 1]
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-i? 4-:- _éa 4:; \ 1ot
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P I AP T
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Glide Slepe Error Prior To Flare
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£ 4 10 ft I0f 201t
a4 Low High High
ol 1 1,
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Figure C-4, Effect of Fiare Controls
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55 kt Nominal Condition

T In AG = 8 deg
Y =-7.5 deg : hf = 35 ft
Power = 94.7 % Ng No Throttle Change

Ground Effect In

Flare Attitude Flare Altitude
z%e ht
|
10 F 3'8 10 F 0 %
0% 20
— o —
c 8 3 S 9 8
n !
~ ~
Ei 6 =~ 6
a a
.c'_ 4 .I'E_ 4 -
1 ]
2 o L
0 i | 1 1 0 1 | 1 |
0 200 400 O 200 400
XTD(f” XTD (fT)
Addition of Power at |0 ft ' Altitude of | % Power Increase
10 F ok
— EANG= 1% h=1{0 ff{
g 8F  ANg=2% ‘g 8r 0
o ANg=3% K 30\
E [ Y= ANG =4 % < 6 h=35 ft
o) [
£ ar 'f':_ 4 |-
1
2 2 |
0 1 1 1 | 0 \ | L |
0 200 400 0 200 400
b. 55 kt

Figure C-4. (Concluded)
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® The tradeoff of &TD for‘xTD is about the same for attitude

versus power at either approach speed.

'@ To & point, the higher the altitude that power is added
the softer the touchdown.

Fig. C-4 combined with Fig. C-5 shows the following general trends

ag a function of approach speed and transparency:

® The nominal touchdown is significantly softer at the
higher approach speeds.

©® A potential tradeoff of increased Xy for decreased ETD is

more apparent at the higher approach speeds.

® Transparency in provides lower touchdown sink rates at

the same approach speed.
3. Tlare Response Relative to Static Performance

The flare capability for a particular flight conditioﬁ can be related
to where it is situated in terms of a 7 versus V or N versus ¥V performance
curve. Fig. C-6 shows an example for the three approach speed cbpditions
with transparency in. The trim conditions for the three cases are dé-
picted by the circles at 55, 60, and 65 kt. The constant attitude and
constant power confours are also given. The heavy lines headed by an
arrow show the flare trajectory for an optimum flare at cdnstant power.
BEach of these trajectories end at the lecus of touchdown conditions,
by @0d Vyp-

Fig. C-6 shows that as the approach speed ig decreased the resulting
sirnk rate arrestment potential approaches a smaller value. This also,
naturally, is strongly related to ﬁhe margin above Vﬁin for a particular
approach condition. Fig. C-T was constructed using this relationship,
which is shown graphically in Fig. C-6. Fig. C-7 shows sink rate
arrestment potential versus a normalized'vmin' margin for three BR 9413
configurations at & variety of speeds on a 7.5 deg glide slope. The
resulting points show 5.fairly strong correlation. This then suggests
a way of defining a minimum flare speed provided some minimm sink rate

arrestment potential can be defined.
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Figure C-5. Effect of Transparency (Nominal Flare)

TR-1014-3 214 VOL. I1



= \00%

9) _ 64 . Ne
25 =h .
-4 |- Locus of h,V
during flare
51
_8 b— N
. 10' = Aititude
h
(ft/sec) /
-2 — = : 4
1 \T e —
]
\ // HER e
T ¢ OCUsB?\P\
-16 - - /( ‘ \ ' ! fthJﬁpp
s e
Ng = Const. L
\—-\/‘-_f’
8=Constant
~—— Vapp~Vin —™

Speed margin N
for no power added/ -

Figure C-6., Flare Trajectories in h-V Plane
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L. Flight Test Flare/Touchdown Data

The flight test records from the July 1972 FAA/NASA BR 941S flights
were analyzed for comparison with the similator results. The estimated

touchdown conditions for each landing are given in Table C-1.
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TABLE C-1

TABUTATION OF FLIGHT TEST TQUCHDOWN CONDITIONS
(FAA/NASA BR 941S Flights of July 1972)

gic

*I0A

IT

GLIDE - 5 .
FLIGHT TIME PIIOT  CONFIGURATION WEIGHT SIOPE APP 'TD  'TD b REMARKS
5 1812 Chubboy 95/5 L1.4K ~7.5 65 60 -2. -3.0 Airspeed + 1 kt
1819 95/5 h1.4K -7.5 66 52 -1. -2.3
1823 75/5 L1.kK -T.5 70 53 -2. -3.0
1835 95/5 LLAK  -7.5 64 kg .2, -3k
% BIS 1938  Kennedy 70/5 h1.LK -T5 6L 50 -9 -2.5
1945 95/5 41.4K ~T.5 71 58 ~-1.8 -2.7
1955 95/5 38.0k -T.5 6k 52 -1.5 -3
6 0816 Hardy 95/5 2.3k -7.5 70 57 -1.9 -3.1 Early flare
0821 amm= emca -7.5 - - ———— ————
0829 95/5 42,3K -Te5 75 61 -2.3 -2.4
0835 95/5 Li.LK ~7.5 €0 L6 -2 3.4 Early flare
08L3 95/5 b1.4K  -7.5 65 43  -2.5 3.2 Airspeed + 1 kt
6 BIS 0949  Gough 95/5 39.6K -7.5 T0 55 -1.2 -3.5
0952 ~—— 39.6K -7.5 - - -1.2 ————
1000 ———— 39.6K  =T.5 - - -1.2 -———
1006 95/5 39.6K  -T.5 66 k7 2,5 =35
1015 95/5 9.6k -7.5 7L 67 -3 -3.9
T 1753  Chubboy 85/5 k2.8Kk  -6.0 -- bk a1 -2.5
1810 95/5 42,8k  -T7.5 -~ k5 411 -1,
1816 95/5 42,8 =7.5  -- Lk 4.2 -1.
1834 95/5 1.8k -7.5 - i +3, -4.8 Gradusl flare
1838 95/5 .1k -7.5 -- W6 2. -5,
7 BIS 1917 Kennedy 95/5 40 ,0K =7.52 62 59 +2.1 -6.6
1925 95/5 4o 0K =Te52 60 48 +1.8 -6.27 Glide slope trim not stable
1946 95/5 387K =TS 60 46 42,6 3.
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TABLE C-1

TABUTATION OF FLIGHT TEST TOUCHDOWK CONDITIONS (Concluded)
(FAA/NASA BR 9418 Flights of July 1972)

| GLIDE v, ) h
FLIGHT TIME PIIOT CONFIGURATION WEIGHT SIOFE 'APP 'TD TD b REMARKS
8 0748  Hardy 95/5 43.1K -T.5 é8 48 +2.5 -3.5
0801 95/5 ko, 7K -7.5 65 48 okt L.
0819 95/5 ko, kK -7.5 62 53  +3. -6.1
0840 95/5 4.3k -7.5 51 54 +3. -6.5
8 BIS 0945  Gough 95/5 39,2k  -6.0 61 51 -3 -9, Glide slope, airspeed not stable
0955 95/5 3B.K  -7.5 S =N ~T7
1003 95/5 38.2K «Te5 60 45 +2.8 -6.0
1018 95/5 37.3K -7.5 60 L7 -1. -1.2 8 not stable
1030 95/5 37.0K -7.5 58 47 -1, -3.5
9 BIS 2000  Chubboy 95/12 37.1K 7.5 58 41, +1.8 -5,
2012 - 95/12 6.9 =T.5 55 35 eeem 23,5
10 BIS 0851 Hardy 95/12 26.9K -9.5 62 Lé ~1. 4.3
0912 95/12 6.9k -7.5 57 50 +1. =5.9
0918 95/12 40.1K -7.5 70 51, +.5 -3.5 Glide slope, airspeed, ©
0925 95/12 39.6K -9.5 58 45 -1. -2.2 not stable
02 e amees -7.5 56 —= e -—--
11 0740  Hardy 95/5 L 7K -7.5 63 sk 0. ~4.0(?) Airspeed + 2 kt
0807 95/% L TE -7.5 62 53 +.8 b5
0814 \ 70/12 L, -7.5 58 55 “Ds -3,0(7) _
11 BIS 0833 Gough 70/5 Lo 7K -7.5 82 57 - -5.6 Airspeed + 2 kt
0842 95/5 Y27k -7.5 69 54 -1.8  -L.7(?)
0856 70/12 k2. 7K -7.5 75 60 -1.2 -3, Airspeed not stable, + 5 kt



APPENDIX D

PILOT COMMENTS

The pilot comments which were made during the simulation experiments
were paraphrased and compiled in tabular form. Table D-1 gives the
pilot comments from the October/November 1972 tests and Table D-2 gives

those from April/May 1973. The latter also includes pilot ratings for
IIS +tracking and flare.
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EANE '
AR
% : TABIE D-1
@ s - PIIOT COMMENTS
(October/l_?ovember 1972)
FI1OT DATE TAPP THANSPARENCY o DISPLAY T'{M’P TASK COMMENTS
Chubboy  10-25 7.5 ] QuT 65  FAM 1. Workload medium to high {instrument scan)

2. Glde slope tracking seemed good

10-26 7.5 ¥ oUT 65 TR 1. Moderate workloed due to almost constant lengltudinal contrel and to lesser degreellaterai control

! 2, ¥-wind landing difficult because of vague cues; flare helght Judgment is also a Factor

o-27 1.5 i ouT 65 TEST 1. Except for large wind shear, 65 kt seemed too fast
2. X-wind landing performance improved by decrabbing at higher eltitude

10-27 1.5 ™ ouT 60  TEST 1. Difficulty in maintaining glide path and airspeed

' 2. Beemed harder than st 55 kt

10-27 7.5' I our 55 TEST 1. Flight path cocnt.rol' was good if avoid power chop
2, Thrust margin minimal especially if low and slow
3. Thrust lags seemed more evident
4. Accepteble minisum approach speed/thrust margin but no lower

11-15 7.5 ouT ™ 60 TR- 1. Down correction weak
2. Comfortable in shear, easy to over control
3. €lide slope tracking with transparency is definitely more positive
4. Flare using mild aft stick, then power reduction

1116 7.5 oUT IN %] TEST 1. In strong head wind, o sensitivity requires extraordinary attention to 6, zirspeed got down to S0-51 kt
2. a obviously superior to airspeed on go-&round -
3. Cannot meintain both @ end alrspeed when changing power; I correct ¢ and let airspeed vary

11-16 7.5 ouT IN 55 TEST 1. Airspeed - power response ra.pici‘ airspeed - 8 slow; y powar sluggish; ceauses pllot anxiety at best
2. In high shear conditions, lowering nose to flare is almost intolerable

11-17 7.5 ouT 5| 50 TEST 1. Much better glide path control than at 55

' . . - B ' 2, Iowering nose to correct for shear is unreasonable and suicidal

3. Noticeable degradation in 8 and lateral control

11-15 9.5 our A/s our 60 TEST 1. Glide path control no problem under normal conditions but for large corrections there is an obvious need

a IN Tor additional flight information, such as afirspeed
: 2. Poor instrument layout

1-15 9.5 ouT out 60 TEST 1. « better for go-arcund {don't need climb speed) but stabilizetion much emsier with airspeed

2. Bhear seemed easier to detect
_11-a7 . IN " TAKEOFF 1. Directicnal control in x-wind excellent, quita ldke the real thing

2, Alrapeed alone was satisfactory but alrspeed and ¢ was cbviously better especimlly for €5-70 kt climb speed
3. With OET at 67 kt, o i3 & powerful indieation of the real situation
. With a stick shaker mt 14 deg o, I don't consider 67 kt a threat
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PILOT

Hardy

DATE

10-31

11.2

11~7
-7

11-16
11-16
11-15
11-15
11-10

11-17

JAPP  TRANSPARENCY ¢ DISPIAY

1.5

7.5

7.5

T3

Te2

7.5

7.5

9.5

.5

9.5

Yare

m

IN

IN

our

oUT

IN

IN

IN

ouT

our

ouT
QuT

our
ouT

our

65

65

55

63

55

65

TASK

TABLE D=1 Contipued

COMMENTS

TEST

TE3T

TEST

TEST
TEST

TEST

TEST

TAKEQFF

Flight path control and landing maneuver adequate
Workload faivly hiph .
Redifon - hard to pick ocut steady state much less rates. Makes shear control very hard

Performance very edequate IFR, VFR: shears and visual scene combine to make 1t inadequate
Speed not adequate for shears within limitations of visual scene

Flars: start rotetion at 30 f£4, adjust power if alrepeed iz off

With present speeds and shears, certification is marginal at best

Similar to 65 kt

Significently harder to meintaln alvspeed

Altitude contruvl with power seems slightly more slugglish, tend to run out of power
Flare mich hsrder, muzt all be done with power

Hot enough margin for norml operation, not enough for emergency situations with shears

« lagged pitch significantly (time constant = 2.0 sec)
Scan pattern ie poor
a easier tham airspeed for go-arcund

Fairly high workload, POR =~ L.5 ‘ :
Marging seen sdequate, first comforteble VFR, conld be I'm learning how to cope with shears

Flight path control quite emsy except when high, it seems hard to confortably come down

Hard to stabilize at 55 kt, wanted to end up about 58

Flight path control 1a falrly easy at 55-60 kt, easier than 60-65

If airspeed drops to 52 kt there 18 dangerous tendency for flight path to diverge downward
Marginal for shears

Use power to flare

Alrspeed easier to maintain than o, better scan pattern may contribute
Hard to correct dowmward
Iots of trouble with flare but can't detect much difference between a and airspeed

Glide slope and a requires a high workload, FOR = §
Not much o margin for go-arcund
Flare performance una.ccep_tahle for emergency operatiom, POR > 6.5

Fairly high workload about same as 7.5 deg approach
Having some problems with glide 8lope tracking at breakout
Flare from 9.5 deg is harder, had a tendency to flere high

OEI climb at 67 kt was impossible, marginal at 70, POR = &
Vp = 65, V, = Tk case s pretty easy to fly, POR = 3.5
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PILOT

Gough

DATE

11-22

11-10

11-19

1114

11-17

YAPP - TRANSPARENCY

7.5

7.5

7.5

7.5

15

7.5

T.5

9.5

o DISPLAY
b oUT
™ OUT
IN ™
™
1|
oUT our
ouUT olrr
OUT N
hiid by

1"‘l-\PP

65

55

65

&0

65

TASK

FAM

TEST

FAM

TR

TEST

TR

TEST

TEST

TEST

TABLE D-1 Continued

COMMENTS

1.

1.
2.
3

1.

L.
2,

1.

2.

Used 8 for flight path and power for airspeed some but hed problems when airspeed low. Found myself

switching
Seemed low on powe

Flight path contro

r during flare

1 very difficult, used power to control

Just barely enough margin for shear. Very easy to use excessive power

Countered shear wi

th power ok

Power to control flight path

Over-controlling all exes, unable to Judge eink rate before touchdown

Ok except for countering shear, margin for shear may be ok with improved technique
Arcceptable workload

Airspeed was prima
Flight path contro

Same as sbove

Ty, just keep a in accepteble kimits, a very useful in go-around

1 diffiewlt, reguired large power chenges, much more use of IVSI

Countered shear ok

Very poor speed to

Continually revert
and 'impact!

a on goearound ten
airspeed

use in shear

ed to 9 for mirspeed, checked o for safe zone. Too little time between breakout

ded to meke me level off instead of climb, indicated o too high for 8, power, and



LHTOL 4T

=

ee

"TOA

IT

FILOT

Kennedy

DATE

10-25

10-26

10-26

10-31

10-26

Yspp TRANSPARENCY o DISPIAY
=T+5 IN QUT
-7.5 i our
-1.5 m our
-1.5 ™ our
-T.5 ™ ouT
~Te5 m ouT
-T.5 ™ o'l
=75 pa) ™
=75 ™ ™

65

5

25

AYP TASK

TABLE D-1 Continned

COMMENTS

FAM

FAM
TEST

TEET

TEST
{repeat)

TEST

Excesslve workload in tracking; lateral etabllity low

Vmin recognition difficult due to instrument location
Recovery like classic power-on stall

Flare difficult because of visual scene and lack of tralning

Confipration changes Alfficult
Stability and control primary factor in workload

Control technigque: h —c:-EuT, 8 constant; u, & —n-ﬁe

Approach speed adequate
Would not certify due to contrellabllity probtlems

Approsch speed adequate, gettlng easier with practice
High concentration for ling.up, conversion, snd glide slope

capture
 Inadequate power margin during flare for larger shears (i.e., du/dh = 15 kt per 100 ft)

Controllavility inadequate - would not certify

Still on learning curve
Alrcraft too pover Umited (marginal control for shears)
Redifon scene not adequate for flare

Excezgive concentratlon required for line-up, conversion, etc.

Good ¢ontrol IFR poor VFR

Speed margin inadequate for flare but adequate for glide slope control
Control power margin to low for shears

Wowldn't certify - inadequate margin above V oo ~ ungafe

Tracking glide slope more difficult with o

Instrument scan bad

Go-arcund more difficult, o lags excessive

Tendency to regulete a at expense of attltwte and speed
Changes In control techniques required, h —-—-DET a, B --—c-&

More difficult te track glide slopa than without a; dus to divided attentlon and scan

Go-around maneuver seemed more difficult, o lags behind nose ettitude (L.e, T = 2 sec) forces Pilot
to keep nose low too long

Tendency to regulate o at expense of attitude and speed duripg first few runs

Except for small w change it i3 necessary to adjust both attitude and power to hold a

o helps fiare, worklosd excessive

Same as above
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Kennedy {centinued)
-6 7.5 N ™ 65  TEST
1-T  =7.5 N ™ 55  TEST
117 u7.5 ouT IN 60  FAM and

vmin

11-7  -T.5 our ™ 55  TEST
-8 7.5 oUT ™ 50  TEST
-3 7.5 ouUT OUT 60 TEST
11-9  -7.5 ouT our 50 . TEST

TABLE D=1 Continued

COMMENTS

High workload becanse you need to adjust both attitude snd Power as opposed to speed, stable conditiors
Previcusly tested

Go-around, o not too useful because of-lags; tends to make Pilot hold to low too long, airspeed/etiitude
easier

Noted speed variation when flying a; no longer attenpts Yo maintain constant attitude (i.e., fly glide
slope with power and adjust nose attitude to achleve correct )

Moat difficult speed, very little fly-up capability
Heavy work load due to h-——ca-BT, a, 8 ——=5_ technique

Cammot integrate both g apd speed cues - often missmatch in corrective action required
Alrcraft has no wargin for chear contrel
Recognized shear {one case) reversed control technigue used successfully

Easy task - no limiting factors

Workload gquite accaptable with no winds

Good glide slope control

Vi hard to recognize, recovery easy, and conventional (i.e., push over add power), need WBrning
Roll control power week at V n

Excessive sink rate (>3500) Tesults in loas of pitch control

Did not use a except as cross check on glide slope, did at flare
@ poor; instrument for this speed too heavily d

Techique for go-sround u, 8 -——t>-5e oo «, accepted o excursions

Heavy workload .- excessively high

Afroraft less responsive to power changes, up or down, centrol power lower ug or down

- Flare problem; difficult to know how to use power

Very difficult f1ight conditions, not safe

Difficult o use a, beceause alight power change radically changed o

< too sluggish Tor go-around

Often exceeded stick shaker speed (a = 20.7 deg)

Line wp ok; conversion to glide slope difficult, slight miscalculation as Power results in o increased
beyond 20.7 deg

Technique for glide Slope control difficult; power doesn't result in poaitive glide slope correctior unless
nose 1z lowered, Final technique, set power and track glide slope :

Using opposite standard technique, nose down - up, Nose up -~ down

Speed decreased with increasing power

Conversion difficult, glida =lope more difficult with tranépa.rency out

Speed margin inadequate
Control techmigue h -——1>5T, w, @ —--r:>ae

Conversion very difficult
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TABLE D-1 Concluded

COMMENTS

Flight path control reasonably accurate using power but response slow

Controlled glide slope with piteh, mever locked &t a

Highest longitudinal workloed wes pitch control, little or mo stability
Pronounced adverse yaw, low side force gives little acceleration or s1ip ball cues

IFR glide slope holding was no problem, power chenges were kept small and errors corrected slowly
VFR rate of descent control wes extremely rough, large power changes at late stages

No cbvlous difference from 5% kt case
Task became easier than 55 kt case but think it was largely due to learning process

Glide path control sppeared more accurate than before, very small power corrections I"R
Gllde path control was frequently oscillatory VFR caused largely by heave to power lags
Apparently grester difficulty than last flight st 60 kt

Glide path errors required larger than expected power changes

Thrust margin unacceptable for shears

No particular problems with landings except with shears » Power not used to flare
Go-srounds; To avoid Vpy o accelerated then climbed, unaceeptable in real life
1ittle difference in difficulty or workload between this and previous case at 65 kt
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TABLE D2

PILOT. COMMENTS
(April/vay 1973)
PILOT RATINGS*

TURBULENCE WIND SHEARS

COMMENTS

PILOT  DATE TRAMSPARENCY o DISPLAY  VApp CATM AIR

Hardy 5-2-73 N OUT €5 3 3
5-3-73 IN our & 3, 31/
5lia73 ™ ouT 5 7
5-4-73 ouT ouT 65 31f2, 31/2
5~T-73 our OUT &0 31fe, 3ife
973 out IN 60 31/2, 31/2
59-T3 pu.t o S5 5

Gough  L-70-73 - IN ouT &5 3

* First rating s I18 tracking; second is flare,
t No distinetion wade between ITS tracking and fiare.

5 e, 51/2 61/2, 5 /2 1.

2.

6 1/2, 6 1.
2,

—— — 1.

6, & - 1.
2.

61/2, 6 6172, 6 1.

61/2, 6 1.

6-6 1/2, 6 1/2 - .- 1.

5 b 1/2r 1.
2.
3.
k.
5.

Workload high tracking glide slope, pitch must be trimmed constantly while
tracking glide slope, perhaps due to plteh SAS, using & — =V, b, ——=h

Some difficulty arresting h, break initial B with & and then feel for runway,
using power as secondary control. Visuel scepe doesn't give good i cues.

Glide slope tracking same as for 65 kt power
Flare requires percent or two of power lncrease to keep EFJ reasonable

Impossible to get downward correction in fi without getting on bottom side of
7 = V curve,

115 tracking virtually the same as 65 kt, transparency in, except power response
15 more aluggish
Flexe Just sbout like 50 kt, transparency in, have to add & bit of pawer

Many problems with glide slope tracking-- (a} power response insensitive, (b) feels
ke B response almost unstable, very hard to control, get a few kmots slow and
vehicle goes on bottom side of ¥ - ¥ curve, {¢} 3 1/2 rating for calm air glide
slope tracking is subject to question. Vehicle very ¢lose to bottom side of 7 - ¥
curve, could be degraded to 6 1/2 :

Flare ic about the same as &0 kt, transparency in

Using o display gives pilot more confidence and would probebly operate aircraft
slightly slower than with only airspeed indicator

Main difference between this and 60 kt, transparency out ; 1s that bottom side
operation is avolded.

Had trouble with o donuts--tended %o close too tight & loop arcund them

Reducing engine lag from 1.4 to 0.5 sec had no effect on ILS tracking. Helped
flare 1/2 rating point (ratings in pilot ratings colum are for nominal engine
lag = 1.1 sec) . .

In celn air difficult to stabllize heading--end up bracketing heading. With
turbulence, began to accept small localizer errorz to redugce overcontrolling

IIS tracking very difficult clese to window. If you break out then VFR task very
easy : -
Pilot techmique is to rely on IVSI, if no o display--try to maintaln constant f,
but very hard to recover from high on glide slope

VFR portion and flare fairly easy. Hardest tesk iz power reductlion to get correct
'squat' with turbulence--no worries about undershooting runway.

In X-wind favor erabbing until flare-.then stuff in rudder and drop wing--will
accept reascnable displacement from runway center line.
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(eont.)
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ae)
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i
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TABLE D~-2 Cancluded

PILOT RATINRGS

APP CATM ATR TURBULENCE WIRD SHEARS

COMMENTS

&0 31/2 5 1/2 6 1/2 1.

55 & 1f2 6 1/ T 1.

. 65 3 5 1/2 ki 1.

€5 3 5 1/2 T 1.

& 4 712 9 1.

2.
3.

6o 2 1f2 6 6 1.
2,
3.

55 2 8-8 1/2 —— 1.
2,

3.

Localizer tracklng similer to 65 kt

Glide slope tracking very difficult, 8 ——=V, —»G/8. Very unresponsive.-
takes gross power changes. Used IVSI as primary formance reference :
Turbulence makes IXS tracking workload higher than fs liked :

Flare feels precarious. Techmique Is to carrect & with power, but this can result
in too much power to continue lending. Result is you end up Jockeying quite a bilt -
Hitting stops consistently with ailerom, occaslonally with rudder Just prior to
flare

ILS tracking very difficult.-response sluggish--correcting for high glide slape
error most difficult--stick shaker on 104 of timee-very hard to stabilize on
speed, tend to get fast

Glide slope tracking requires so much effort that localizer tracking becomes more
difficult

Pilot technique for ILS tracking 1z to trade altitude for speed, power for glide slope
Technique for flare tekes a delicate mix of incremsing § and power--then cut power
at contact to prevent bounce

Wind shears made it very difficult to control k prior to flars

X-wind technique same as 65 kt, but felt like I was very cloge to rudder control
limits

Localizer traclking hardest task in calm alr, but not objectionable
Flare very satisfactory--used slight power reduction to squat

Glide slope tracking hardest task, gross power changes required--spent mch time at
flight, idle

Flare was delicate--seemed to have too much power prior to flare and had o reduce
it yrior to landing--resulted in long landings

IVSI becoming more and more of a primary instrument, using it and localizer error
at about 250' to decide on go-arcund or not

Using attitude change to fly glide slope with power follow up

Glide slope very hard to track, especislly for large errors. Combined # and 5, H for
glide slope, seemed less able to separate technique. Then couldn't hold aim airspeed
on glide slope wlthout excessive power corrections. Turbulence made it very ddifficult
to track ILS close to window :

Localizer seemed difficult to track, probably due to preoccupation with glide slope
During flare, had to adjust h carefully with power, often difficult to do with
acceptable precision

IIS tracking very hard, takes too long to correct error

Basically ignore a donuts, still using IVSI as primary Inztrunent

Flare in calm air is nice, in turbulence or shemrs have to play with power and
attitude too much -

Localizer tracking difficult--aireraft is rolling and yewing a lot,..more than
previously

Glide slope tracking iz very difficult--never did track, always passing through.
Turbulence aggravated IIS tracking

Flare made by adding power at same rate pitch was added, turbulence sggravated
flare by leaving you with too much power to land

The eireraft doesn't want to seem to fly well in this situation





